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SECTION  I 

INTRODUCTION  AND  SUMMARY 


This  document  reports  the  procedure  and  results  of  the 
analytical  work  accomplished  under  contract  F33615-75-C-3104 
Supercritical  Wing  Preliminary  Design  Study". 

This  study  involved  the  development  of  preliminary  design 
definitions  and  evaluation  of  optimum  metallic  and  composite  wing 
box  designs  for  a  variable  camber  supercritical  wing  designated 
as  ATW-4.  The  ATW-4  wing  is  sized  and  configured  for  the  FB-111 
aircraft  or  various  growth  versions  of  the  FB-111.  Results  of  the 
study  analytically  demonstrate  the  feasibility  of  significantly 
reducing  the  cost  and  weight  of  the  wing  box  component  while  main¬ 
taining  strength,  fatigue  and  fracture  characteristics  consistent 
with  requirements  of  the  FB-111  aircraft. 

The  cost  and  weight  advantages  of  the  advanced  designs 
developed  during  the  study  when  compared  to  the  baseline  (633RW000) 
give  the  following  results:  ' 

633RW001  -  Laminated  Skin  Y-Spar  Wing  Box 

Weight  Savings  15% 

Cost  Savings  12.3% 

633RW002  -  Laminated  Skin  Canted  Spar  Wing  Box 

Weight  Savings  12% 

Cost  Savings  10.7% 

C33RW003  -  Composite  Skin  &  Y-Spar  Wing  Box 

Weight  Savings  27% 

Cost  Savings  -29%  to  -4.4%  (Depending  on 

Assumed  1980  Gr/Ep  Cost) 

Figure  1  Program  Flow  Diagram,  outlines  the  approach  taken 
and  shows  the  sequence  of  tasks  accomplished  to  complete  the  ATW-4 
wing  box  study.  The  main  tasks  conpleted  during  the  program  are 
summarized  below: 


1.  Assembled  baseline  loads ,  ATW-4  geometry  and  criteria 
and  reduced  to  a  usable  form. 

2.  Selected  materials  for  consideration  in  the  study  and 
developed  fatigue  and  fracture  allowable  stress  curves 
for  each  material. 

3.  Assembled  an  array  of  31  metallic  and  composite  wing 
box  concepts  from  other  programs  and  through  innovation 
of  new  concepts.  These  were  defined  on  cross-section 
sketeches,  sized,  weighed,  and  costed  with  the  most 
promising  selected  for  analytical  assembly  iteration. 

4.  Defined  alternate  concepts  plus  a  baseline  on  48  inch 
span  analytical  assembly  drawings.  These  were  analyzed, 
evaluated  and  two  metallic  and  one  composite  concept 
were  selected  for  input  into  the  preliminary  design 
iteration. 

5.  Preliminary  design  drawings  were  prepared  defining  the 
three  selected  concepts  plus  the  baseline  for  the  entire 
ATW-4  wing  box  from  pivot  to  tip. 

6.  Static  strength,  fatigue,  fracture  and  flutter  analyses 
was  conducted  for  each  of  the  preliminary  wing  box  designs. 

7.  Evaluative  data  for  each  design  parameter  in  the  AFFDL 
Merit  Rating  System  was  computed  for  each  of  the  prelimi¬ 
nary  designs  plus  the  baseline.  The  preliminary  designs 
were  then  scored  and  ranked. 

8.  A  follow-on  plan  that  would  provide  the  proof-of-concept 
was  developed. 
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SECTION  II 


BASELINE  DEFINITION 


The  baseline  article  is  the  wing  box  structure  from  pivot  to 
tip  for  a  supercritical  wing  configuration  designated  as  ATW-4. 
The  ATW-4  configuration  incorporates  variable  camber  leading  and 
trailing  edge  devices  and  provides  a  planform  area  of  725.7 
square  feet.  The  planform  is  shown  in  Figure  2. 


2.1  BASELINE  DESCRIPTION 

The  wing  box  is  defined  as  the  primary  wing  structure  from 
the  wing  pivot  fitting  outboard  to  the  wing  tip  splice.  It  con¬ 
sists  of  seven  spars,  upper  and  lower  one-piece  skins,  and  eight 
primary  bulkheads.  The  outer  section  is  spliced  to  the  wing 
pivot  fitting  between  center  spar  stations  97.7  and  106.8.  All 
wing  box  loads  are  transferred  to  the  pivot  fitting  through  this 
connection.  The  configuration  was  developed  in  this  program  by 
revising  the  F-111F  wing  box  to  the  planform  and  airfoil  for  the 
ATW-4  configuration,  deleting  provisions  for  the  external  stores, 
and  conducting  trade  studies  to  optimize  the  number  of  spars. 

The  concept  for  manufacturing  each  element  of  the  box  assembly 
for  the  F-111F  was  retained  in  that  the  skins  are  tapered  and 
etched  and  the  spars  and  bulkheads  are  designed  as  integrally 
stiffened  machined  members.  The  materials  used  in  the  F-111F 
wing  box  were  retained  in  the  new  baseline,  such  as  2024  aluminum 
for  skins,  spars,  and  bulkheads,  and  D6ac  for  the  wing  pivot 
fitting.  The  baseline  structure  is  shown  in  Figures  3  and  4. 

The  baseline  criteria  includes  the  requirements  of  the  FB111 
aircraft,  but  in  addition,  imposes  the  requirements  of 
MIL-STD-1530  and  MIL -STD -8 3444.  External  loads  and  fatigue 
spectrum  for  the  ATW-4  wing  differ  from  those  for  the  FB111  wing. 
The  ATW-4  loads  and  fatigue  spectrum  are  defined  in  FZM-12-6466 
which  was  developed  under  Contract  No.  F33615-75-C-3018  and  is 
included  in  Appendix  A  of  this  report. 


4 


Figure  2  ATW-4  Wing  Plonform 


Figure  3  Baseline  Pivot  Fitting 


SECTION  III 


DESIGN 


Design  definition  and  analysis  was  conducted  in  sufficient 
detail  to  determine  the  applicability  of  innovative  and  advanced 
structural  concepts  to  the  main  wing  box  of  a  supercritical  vari¬ 
able  camber  wing  configuration. 


3 . 1  DES IGN  APPROACH  AND 
EVALUATION  SYSTEM 

A  systematic  iterative  design  method  was  applied  that  uti¬ 
lizes  the  AFFDL  merit  rating  systep  to  quantitatively  evaluate 
each  design  parameter  of  each  alternate  concept  after  each 
iteration  for  scoring  and  selecting  concepts  for  the  succeeding 
iteration. 


3.1.1  Design  Approach 

A  methodical  system  developed  on  previous  contracts  (F33615- 
72-C-2149  and  F33165-74-C-3026)  was  used  in  this  program  which 
allows  a  large  number  of  ideas  to  be  evaluated  for  potential 
application  to  the  final  design.  In  this  process,  ideas  are 
developed  into  one  inch  span  cross-section  drawings;  the  cross- 
sections  are  analyzed  and  ranked;  highest  ranking  cross-sections 
are  further  developed  into  forty  eight  inch  span  analytical 
assemblies;  the  analytical  assemblies  are  analyzed  and  ranked; 
the  highest  ranking  analytical  assemblies  are  then  drawn  up  as 
preliminary  designs  of  full  wing  boxes;  and  finally,  these  prelim¬ 
inary  designs  are  analyzed  and  ranked  for  final  selection  of  the 
highest  potential  concept.  Details  of  each  step  of  this  methodo¬ 
logy  are  discussed  in  the  following  paragraphs. 

3. 1.1.1  Cross-Section  Concept 

The  use  of  one  inch  span  cross-sections  provide  a  valuable 
iterative  step  in  the  overall  design  process  leading  to  an  optimum 
design.  Advantages  of  the  cross-section  methodology  are  as  follows: 
(a)  the  cross-section  sketches  provide  a  work  sheet  for  integrating 
element  concepts  into  workable  wing  designs;  (b)  by  considering  only 
one  inch  length  a  large  variety  of  designs  can  be  economically 
weighed,  costed,  and  evaluated;  and  (c)  by  configuring  all  concepts 
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at  a  specific  wing  station  and  to  the  identical  static  load,  fatigue 
spectrum,  and  fracture  criteria  that  occurs  at  that  station,  a 
meaningful  and  equitable  evaluation  will  result. 

The  initial  design  effort  was  sizing  and  defining  applicable 
concepts  from  previous  programs  as  one  inch  span  cross-section 
analytical  specimens  with  geometry  and  load  taken  at  Load  Reference 
Axis  (LRA)  Sta.  140.0.  Innovative  effort  produced  several  new 
concepts  which  were  also  sized  and  defined  as  one  inch  span  cross- 
section  specimens.  The  one  inch  span  cross-section  concepts  were 
weighed,  costed  and  scored  (see  paragraph  3.2.1). 


3. 1.1. 2  Analytical  Assembly  Design 

Advantages  of  the  analytical  assembly  designs  as  a  prelimi¬ 
nary  design  tool  are  as  follows: 

o  Provides  on  a  single  drawing  a  definition  of  the 
configuration  and  the  critical  numerical  values  that 
measure  weight,  cost,  strength/stress  levels,  fatigue 
quality,  damage  tolerance  and  overall  desirability  of 
a  design  concept. 

o  Serves  as  an  instrument  to  coordinate  the  technical 
efforts  of  the  various  disciplines  necessary  to 
optimize  and  effect  a  complex  design  concept. 

o  Promotes  concept  reiteration  by  showing  up  promising 
elements  of  one  assembly  that  can  be  comined  with 
promising  elements  from  other  assemblies  to  provide 
a  new  assembly  with  the  best  collection  of  elements. 

o  The  concept  data  block  provides  detailed  evaluation 
data  on  each  configuration  of  each  part  or  element, 
such  as  a  spar  or  skin,  for  better  visibility  as  to 
which  element  is  the  principal  driver  for  cost,  weight, 
etc . 

o  Provides  valid  data  for  evaluating  a  number  of  design 
concepts  to  specified  design  parameters  on  a  completely 
uniform,  equitable  basis. 

From  the  one  inch  cross-section  concepts,  fourteen  metallic 
concepts  and  five  composite  concepts  were  selected  for  definition 
on  analytical  assembly  drawings.  The  analytical  assembly  models 
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are  48  inch  span  constant  section  wing  box  assemblies  design  i-„ 
the  geometry  and  loads  that  occur  at  LRA  Sta.  140.0  These 
assemblies  were  sized  to  static  strength,  fatigue  and  fracture 
allowable  stresses.  Weights  and  costs  were  computed  and  other 
parameters  evaluated.  Scores  and  rank  were  computed  “r  each  con 

gra'ph  3.2?2)°  **  Che  AFFDL  merlt  rati"8  system  (see  para" 


3. 1.1.3  Preliminary  Design 

After  having  gone  through  the  screening  of  the  cross-sprHnn 
concepts  and  the  analytical  assembly  design!  the  ? 

develop  preliminary  designs  of  the  highesfrkn^ing  aLlytica  ' 
These  drawings  are  much  more  complex  and  complete 

-  £  r 

tial^ha  ^^^^^^^^^sss^bat^have^iimited^poten- 

biutrth^  Also’  r  ?“- 

"ie^stL!’e<:aUSe  °f  th£  l3r8e  nUmber  0f  concePtsr^aluat:ed  in6" 

concerwe1e^^\:c°LtdPInTde^lleeCfl^0CrDerr  ^  *"*“1'* 

nary  designs  capable  of  meeti^lu  s  e^ifS'  tSf  leff- 
and  costs  were  computed  and  other  parameters  evaluated'  Scares 
and  rank  were  computed  for  each  design  (see  paragraph  3.2  3) 


10 


3.1.2  Merit  Rating  System 


The  design  parameters  that  were  evaluated  and  the  "weighing" 
value  applied  to  each  parameter  in  computing  a  weighted  score  was 
specified  by  AFFDL.  The  merit  rating  system  is  shown  in  Table  I. 


3.1.3  Evaluation  and  Ranking  of  Concepts 

An  important  part  of  the  design  methodology  used  in  this  pro¬ 
gram  was  the  evaluation  and  ranking  of  design  concepts  via  a  formal 
rating  system.  The  objective  of  the  rating  system  is  to  minimize 
personal  opinion  and  to  ensure  that  each  area  of  responsibility  has 
an  opportunity  to  influence  the  design  configuration  chosen  for  the 
production  effort. 

The  basic  elements  of  the  rating  system  are  shown  in  Table  I. 
The  approach  used  to  implement  this  system  is  discussed  in  the 
following  paragraphs. 


3. 1.3.1  Structural  Efficiency  (40%) 

Two  parameters  were  used  to  evaluate  the  structural  efficiency 
of  a  concept;  cost  and  weight,  sixty  percent  of  the  structural 
efficiency  score  is  assigned  to  cost  (24%  of  total  ranking)  and 
forty  percent  is  assigned  to  the  weight  (16%  of  total  ranking) . 

Use  of  these  parameters  is  discussed  below: 

Cost  -  Cost  was  computed  for  each  concept  by  estimating 

and  summing  the  material  cost,  the  tooling  recurring 
cost,  and  the  fabrication  costs.  The  cost  score 
recorded  in  the  Evaluation  Summaries  are: 


Cost  Score 


Cost  of  lowest  cost  concept 
Cost  of  concept  being  scored 


Weight  -  Weight  was  computed  for  each  concept  which  has 

been  sized  to  the  controlling  criteria  of  static 
loads,  fatigue,  or  fracture.  The  weight  score 
recorded  in  Evaluation  Summaries  are: 


Weight  Score  =  Weight  of  lightest  concept  X  .16 

Weight  of  concept  being  scored 
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3. 1.3. 2  Technology  Improvement  (10%) 


The  weighted  technology  improvement  score  is  made  up  of  the 
sum  of  the  weighted  scores  from  Concepts,  Manufacturing  Technology 
and  Materials  Technology.  The  weighted  scores  for  each  of  the 
three  technology  parameters  is  defined  below: 

Concept  Technology  -  The  weighted  concept  technology 

score  was  computed  for  each  concept  by  counting  the 
number  of  innovations  embodied  in  each  c(/ncept  and 
rationing  the  scores  such  that  the  highest  ranking 
score  equals  .05. 

Manufacturing  Technology  -  The  weighted  score  for  manu¬ 
facturing  technology  was  computed  by  scoring  the  con¬ 
cept  from  0%  to  100%  on  the  degree  to  which  it  will 
advance  manufacturing  technology  and  multiplying  the 
percent  value  by  .03. 

Materials  Technology  -  The  weighted  score  for  materials 
technology  was  determined  by  identifying  the  number 
of  new  materials  and  processes  used  in  a  concept  and 
rationing  the  scores  such  that  the  concept  using  the 
greatest  number  of  new  materials  and  processes  receives, 
the  highest  score  of  .02. 


3. 1.3. 3  Damage  Tolerances  (207») 

The  parameters  assessed  during  this  portion  of  the  rating 
system  were  safe  crack  growth  and  fail  safe  characteristics  as 
discussed  below: 

Safe  Crack  -  Safe  crack  is  interpreted  as  referring  to 

the  maximum  stress  in  the  fatigue  stress  spectrum  con¬ 
sistent  with  stable  crack  growth.  Each  design  concept 
was  analyzed  for  cracks  starting  at  both  surface  flaws 
and  at  holes  (unless  the  concept  was  free  of  holes) . 
There  are  four  damage  tolerance  categories:  (1)  fail¬ 
safe,  hole  free  structure;  (2)  fail-safe  structure  with 
holes;  (3)  slow  crack  growth  (not  fail-safe)  structure; 
and  (4)  slow  crack  growth  structure  with  holes. 

The  critical  crack  growth  stress  level,  Fcr,  is  con¬ 
trolled  by  the  damage  tolerance  category  and  the  type 
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of  material  in  accordance  with  MIL-STD-1530  The 
ratio  of  the  critical  crack  growth  stress  ti  tL 
maximum  static  tension  stress  is  considered  a  measure 
of  excess  damage  tolerance  capability  The  rati nQ 

a"  d^lded  by  the  suc^ratlo  and  mul.i- 

plied  by  .08  to  obtain  the  final  weighted  values. 

—  fg#  ~  *  c°unt  was  made  of  the  maximum  number  of 

individual  structural  elements  in  a  concept  that 

k®. failfd  without  impairing  load  capability 
By  dividing  all  such  counts  by  the  number  in  the 
concept  with  the  highest  number  and  multiplying  this 
number  by  .12  the  weighted  score  is  obtained. 

3. 1.3.4  Abilities  (30%) 

The  parameters  that  were  evaluated  to  arrive  at  the  abil i h ** 
wcrghtad  scores  are  impeccability,  manufacturablUty  reoajr- 

scale  foraeachUrablllty'  KAU  concepts  were  ranked  on’a  0Z  to  1007. 
parameter  by  sp“iallStS  in  the  area  defined  by  the 

» ‘  ,  Th  ?c  e  for  each  concept  was  obtained  by  multlplylne 
these  /.  numbers  by  .06  for  the  corresponding  paramete^  Y  8 

3.2  WING  BOX  DESIGN 

accomnl^dh0!!11611^  uf  thi®  Para8raPh  summarizes  the  design  work 
P  hed  and  the  evaluation  summary  charts  for  this  work. 

3.2.1  Cross  Section  Iteration 

i-raSrL  aKSSrSSx 


3*2,1*1  Metallic  Cross-Section  Concepts 

evaluImdn»bodynsevetralipr«Ui;r?dte1an  defined  and 

terlstlcs?^r°Ve  fatl8Ue  Ufe  “d  inprovp 
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Alternate  aluminum  lower  skin  concepts  defined  and  studied 
include  the  following: 

o  Monolithic  skin  with  fastener  penetrations 

o  Laminated  lower  skins  with&  without  fastener  penetrations 

o  Planked  (failsafe)  laminated  &  non-planked  (not  fail  safe). 

Alternate  spar  concepts  included  several  configurations  to 
increase  the  allowable  compressive  buckling  stress  of  the  upper 
skin,  and  at  the  same  time  achieve  low  weight  and  cost  for  the 
spars.  These  concepts  are  as  follows: 

o  Extruded  and  built-up  sheet  metal  "Y"  spars 

o  Corrugated  sheet  metal  spars  with  wide  extruded  caps 

o  Conventional  integrally  machined  spars 

o  Inverted  "A"  sheet  metal  spars 

o  Slanting  sheet  metal  spar  web  having  stabilizing  inter - 
costals  with  two  upper  extruded  caps. 

The  upper  wing  box  skin  configurations  included; 

o  Machine  pocketed  aluminum  plate 

o  Non-pocketed  aluminum  plate 

o  Aluminum  honey  comb  sandwich  panel. 

The  concepts  showing  the  best  total  score  (scoring  cost  at 
a  weighting  value  of  .60  and  weight  at  a  weighting  value  of  .40) 
were  as  follows:  ' 

o  Laminated  aluminum  sheet  lower  skins  without  fastener 
penetrations  where  these  skins  are  planked  to  fall  into 
the  "fail  safe  catagory  of  MIL-A-83444. 

o  Spar  designs  that  provide  a  broad  area  of  support  for  the 
upper  skin  member  in  a  manner  that  increases  the  upper 
skin  compressive  buckling  stress  allowable  over  the  base 
spar  concept. 

I 

o  Configurations  of  sheet  metal  or  extrusions  in  lieu  of  parts 
integrally  machined  from  heavy  plate.  Reducing  the  ratio 
o  starting  material  to  finished  material  achieves  a  cost 
savings  in  material  and  fabrication. 
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STRUCTURAL  CONCEPT  [  633-000 

nriiATW-4  BASELINE.  V/lNG  BOX  - 
MACHINE O  SKINS  AND  SPARS  j  <&  SPAR 


STRUCTURAL  CONCEPT  633-001 
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Figure  7  Honeycomb  Spar  and  Upper  Skin 


STRUCTURAL  CONCEPT 


Figure  8  Honeycomb  Spar  Plate  Upper  Skin 


STRUCTURAL  CONCEPT  [633-004 

'•"»  AT W*4  WlM«-tAMiNAT£D  LWI»  SKIN: 
IACHIMCO  JPft  SKIN  4  SPAAS  l  a  SPAR 

:onFig.;  aluminum 


Figure  9  Machined  Spars  and  Plate  Upper  Skin 
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Figure  15  Honeycomb  Spar  &  Upper  Skin 
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633-017  8.51  (.351)  67.48  (.507)  .858 
633-018  7M  (.381)  79,78  (.429)  .810 
633-019  7.77  (.384)  69.29  *,4*4)  .878 
633-020  7.71  (.387)  62.06  (.551)  .938 


3. 2. 1.2  Composite  Concepts 


The  twelve  composite  cross-section  concepts  defined  and  eval¬ 
uated  incorporate  a  variety  of  concepts  that  improve  producibility 
are  economical  to  manufacture  and  that  reduce  weight. 

Skin  concepts  defined  and  studied  are  as  follows: 

o  Planked,  solid  graphite  epoxy  layup 

o  Skins  with  and  without  fastener  penetrations 

o  Graphite  epoxy  skins  with  and  without  buffer  strips 

o  Lower  skins  with  integral  front  and  rear  spar 

o  Intermediate  lower  spar  caps  embedded  in  the  skin 

o  Graphite  epoxy  sandwich  skins  with  nomex  honey  comb  core 

o  Waffle  pattern,  Kevlar  hat  stiffened  skins. 

Alternate  spar  concepts  considered  were: 

o  Sandwich  intermediate  spars  with  nomex  honey  comb  core 

o  Intermediate  spars  with  embedded  titanium  lower  caps 

o  Sine  wave  spar  webs 

o  Y  spars  with  and  without  solid  nomex  core  in  the  webs 
o  "X"  spar  with  trussed  web 
o  A  truss  spar  arrangement. 

The  concepts  showing  the  most  promise  for  low  weight  and  cost 
and  those  selected  for  the  composite  analytical  assemblies  were  as 
follows: 

o  Corrugated  sine  wave  intermediate  spars  with  embedded 
lower  spar  cap  and  buffered  graphite  epoxy  skins 

o  Trussed  spar  arrangement  with  integral  graphite  epoxy 
stems 
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o  "Y"  spars  with  and  without  embedded  lower  caps  and  solid 
graphite  epoxy  skins  without  buffer  strips 

o  Sandwich  spars  with  lower  titanium  cap  embedded  in  the 
lower  skin.  Both  skins  solid  laminate  graphite  epoxy 
with  buffer  strips. 
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Figure  27  Composite  Laminated  Skins  With  Integral  Boundary  S 


STRUCTURAL  CONCEPT  1 63 3-032 


Figure  29  Canposite  Laminated  Skins  With  Corrugated  Skins 
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STRUCTURAL  CONCEPT  633-039 


Figure  35  Modular  Composite  Structure 
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3.2.2  Analytical  Assembly  Iterati 


on 


thru  46  which  correspond  r'f  c?ncePtsvare  shown  in  Figure  38 

RR-'as  rill  xSSSH:=: 

^ffahSsi^=SS=s  =- 

ground  rules  are  defined  In  Sectloi  VUI  studled-  The  costing 


3.2 


* 2 ' 1  Metallic  Analytical  Asspmhi 


les 


that  “rehcafrledernt^th1Sln8irr“talUC  “oss-sectlon  concepts 

concepts  that  emerged  with  fh  i^T1  assembl>'  iteration,  the  two 
6-nRAnm  8ni/  ,8!^th  the  hl§hest  overall  scores  were 
633RA003-801  (ranked  first),  633RA001-1  (ranked  second” 

With  concept  ls  configured 

exposed,  stepped  siareSf  8  "°  fastener  penetrations  and 

aluminum  pl.Ee  1  m  monolithic  2024-T851 

sheet  aluminum  webs  stabilized  by  'V^staped^ntercosMl  C^ted 
support  dual  extruded  upper  spar  cans  rh* ,int®rco®tals  that 
are  Integrally  machined  members  ?  ™  f  a”d  rear  Spara 

same  we^s^^^'o^rs'wn^ro^8"”"'15'  ‘"corporates  the 

633RA003-801  The  di  ffPT.  ’  u"1  Spar  and  rear  spar  concepts  as 

lntermediate-sPar  .1Thr63m00Wedneslh:  T  deSlg"S  “  the 

"Y"  spars.  QJJKAUOl-l  design  incorporates  extruded 

3*2'2,2  Composite  Analytical  Assemblies 

the  nmb«eifrMkingPdeslgnais1633RA006-3a”m  c?nc.ept!  atudied, 

Strips  Srand1ae"Y"°inte™edlateUPPer  “d  1PWer  8kl”«wlSISrtPbS!ffer 

cap  and  16  layers  of  nomex  core'EteruJ'ta  Sf  wSbs^Sf  d^' 

requires^ess^oroposite^ateria^than  designs^because^it 

utilization  of  the 
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Figure  42  Inverted  "A"  Spar  Analytical  Assembly 
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Figure  43  Composite  Truss  Spar  Analytical  Assembly 
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Figure  44  Composite  Y-Spar  Analytical  Assembly 
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3.2.3  Preliminary  Design  Concepts 


The  baseline  concept,  two  advanced  metallic  concepts,  and 
one  advanced  composite  design  was  defined  as  complete  wing  designs 
from  pivot  to  tip  on  preliminary  design  drawings.  The  main  fea¬ 
tures  of  these  4  designs  are  described  briefly  below. 


3. 2. 3.1  Baseline  Configuration 

The  baseline  concept,  633RW000  illustrated  by  Figure  47 
embodies  the  same  fabrication,  material  and  joining  concepts  as 
the  FB-111  wing  box.  However,  the  supercritical  airfoil  geometry 
and  is  larger,  725.7  sq.  ft.  versus  550.0  sq.  ft.  for  the  FB-111 
wing.  The  closure  and  intermediate  spars  are  machined  from  2024- 
T851  A1  plate.  The  upper  and  lower  skins  are  machine  pocketed 
then  chemically  milled  from  2024-T851  plate.  The  pivot  fitting 
is  a  weldment  of  D6ac  steel  machined  forgings  and  machined  plate. 
The  lower  skin  is  joined  to  the  spars  and  pivot  fitting  with 
Taper-Loc  fasteners.  The  upper  plate  is  joined  to  the  spars  and 
bulkheads  by  means  straight  shank,  close  tolerance  fasteners. 


3. 2. 3. 2  Laminated  Lower  Skin  "V'-Spar  Configuration 


The  633RW001-1  wing  box  concept  is  illustrated  by  Figure  48 
ono?  b°X  concePt  incorporate  an  adhesive  bonded  laminated 

^024-T81  iower  skin  without  fastener  penetrations,  extruded  alumi¬ 
num  Y  intermediate  spars,  exposed  lower  spar  caps,  and  a  con¬ 
stant  tapered  non-pocketed  not-etched  upper  skin.  The  upper  skin 
Ls  attached  with  blind  rivets  in  lieu  of  close  tolerance  bolts 

Pressnuts.  The  front  and  rear  spars  are  machined  from 
2024-T851  plate.  The  pivot  for  the  -1  assembly  is  a  closed  tor¬ 
que  box  to  the  pivot  pin  spool  that  encloses  the  pivot  pin.  The 
lower  skin  is  continued  inboard  of  the  pivot  to  form  one  of  three 
load  pathes  of  a  fail-safe  lower  pivot  lug. 


3. 2. 3.3 


Laminated  Skin  Slanted  Spar  Configuration 


The  633RW002-1  and  -3  concepts  are  identical  except  in  the 

piv0t-  The  633RW002-1  pivot  concept  is  the  same  as 
the  633RW001-1  pivot  concept.  The  633RW002  wing  box  outboard  of 
the  pivot  is  illustrated  by  Figure  49.  This  design  has  a  lami¬ 
nated  adhesive  bonded  2024-T81  aluminum  lower  skin  with  embedded 
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lower  spar  caps.  The  intermediate  spars  are  configured  of  a 
slanted  sheet  aluminum  web  stabilized  by  "V"  shaped  sheet  alumi¬ 
num  intercostals .  Each  spar  has  two  extruded  aluminum  upper  caps. 
The  front  and  rear  spars  are  machined  of  2024-T851  aluminum  plate. 
The  upper  skin  is  a  non-pocketed  non-etched  constant  tapered 
2024-T851  aluminum  plate. 

The  633RW002-3  pivot  concept  is  similar  to  the  -1  pivot  con- 
concept  except  -1  is  open  in  the  area  of  the  pivot  lugs  and  trans¬ 
fers  wing  shear  loads  to  the  pivot  spool  by  means  of  two  vertical 
shear  lugs.  The  lower  pivot  lug  incorporates  the  same  fail  safe 
feature  as  the  633RW001-1  lower  lug  design. 


3.2. 3.4  Composite  Wing  Configuration 

The  633RW003-1  and  -3  designs  are  graphite  epoxy  wing  box 
concepts.  The  -1  and  -3  designs  differ  only  in  the  pivot  area. 
The  lower  skin  is  a  solid  layup  design  without  buffer  strips.  The 
intermediate  spars  are  of  a  "Y"  shaped  configuration  with  lower 
cap  embedded  in  the  lower  skin.  The  lower  cap  design  is  a  unique 
configuration  that  incorporates  a  prefabricated,  embedded  longi¬ 
tudinal  member  that  provides  transverse  or  chordwise  bending  con¬ 
tinuity,  longitudinal  axial  load  continuity  plus  a  shear  load 
path  in  the  lower  skin  at  its  intersection  with  the  vertical  web 
of  the  intermediate  spars.  The  intermediate  spars  have  a  core  of 
nomex  laminate  with  graphite  epoxy  outer  plys.  The  front  and 
rear  spars  and  the  upper  skin  are  solid  graphite  epoxy  laminate 
with  no  buffer  strips.  The  upper  skin  is  attached  with  blind 
rivets.  The  -1  pivot  concept  is  open  in  the  pivot  area  with 
double  shear  fittings  between  the  inboard  pivot  bulkhead  and  the 
spool  that  encapsulates  the  pivot  pin.  The  -3  pivot  concept  is  a 
closed  torque  box  design.  Both  -1  and  -3  designs  are  configured 
with  the  upper  and  lower  skins  f onn ing  a  major  load  carrying 
layer  of  the  pivot  lugs.  The  metal  in  the  pivot  lug  members  is 
titanium.  The  633RW003-1  and  -3  designs  are  shown  in  Figure  50. 
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SECTION  IV 
STRESS  ANALYSIS 


A  large  number  of  structural  concepts  was  considered  for 
application  to  the  ATW-4  wing  box.  The  majority  of  these  had 
been  considered  in  depth  during  Contracts  F33615-72-C-2  j.49  and 
F33615-74-C-3026.  During  those  contracts  the  concepts  were 
evaluated  using  a  merit  rating  system  which  was  acceptable  to 
the  AFFDL .  It  enabled  refinement  of  very  large  numbers  of  ideas 
into  a  manageable  few  which  are  outstanding  for  minimizing  weight 
and  cost  while  meeting  the  strength  and  durability  requirements 
of  MIL-A-83444,  MIL-A-8866,  and  MIL-STD-1530. 


4.1 


BASELINE  STRENGTH  CONSIDERATIONS 


The  current,  ATW-4,  baseline  is  similar  in  aspect  ratio  and 
root  attachment  to  the  baselines  for  the  two  previous  contracts. 
For  this  reason,  it  has  been  possible  to  select  directly  the 
more  promising  arrangements  and  evaluate  them  for  compliance 
with  the  current  merit  rating  system. 

The  baseline  for  this  study  is  a  wing  with  f ^peJf cr 
airfoil.  Its  aspect  ratio  is  similar  to  the  F-lll  wingkut 
a  greater  span.  The  baseline  then  is  a  wing  that  resembled  an 
existing  wing  but  one  which  had  to  be  defined  for  this  prog 
(see  Figure  51).  Construction  of  the  baseline  was  chosen  to  be 
the  same  as  the  F-lll  except  that  two  additional  spars  were 
required  to  accommodate  the  increased  chord  while  maintaining 
skin  stress  levels  similar  to  those  on  the  F-lll.  The  baseline 
meets  the  requirements  of  MIL-A-83444,  MIL-A-8866,  and 
MIL-STD-1530. 


4.2  DESIGN  LOADS 

Preliminary  external  loadings  were  used  to  make  an  in|tial 
sizing  of  the  baseline  wing  box  for  purposes  of  obtaining  inert 
data  calculating  preliminary  stiffness  data  and  constructing 
finite0 element  model .  These  data  were  utilized  for  the  preparation 
of  the  "Design  Loads  Data  for  the  Variable  Camber  Supercritical 
Wing  Program,"  FZM-12-6466  (see  Appendix  A). 
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Figure  51  ATW-4  Wing  Box  Baseline 


External  loads  from  FZM-12-6466  were  then  applied  to  the 
finite  element  model  to  obtain  internal  loads  for  sizing  Analytical 
Assemblies  and  Preliminary  Designs  of  full  span  wing  boxes. 

Samples  of  these  internal  loads  are  illustrated  in  Figure  52  thru 
Figure  54. 

Fuel  pressure  loadings  were  computed  using  the  roll  rates  of 
the  F-lll  with  the  load  factors  of  this  study  and  6.0  psi  constant 
system  pressure.  The  resulting  pressures  are  shown  in  Figure  55. 


4.3  STRESS  ANALYSIS  AT  THE  ANALYTICAL  ASSEMBLY  LEVEL 

The  first  evaluations  for  this  program  were  made  at  the  level 
of  "Analytical  Assemblies",  as  first  used  in  Contract  F33615-72-C- 
2149:  These  being  48.0  inch  span  length  boxes  of  full  wing-box 
chord  and  of  constant  cross  section,  sized  in  complete  detail. 

All  sizing  was  made  using  internal  loads  data  obtained  from 
the  baseline  finite  element  model  and  fatigue  and  damage  tolerance 
designs  allowables  shown  in  Figures  56  thru  64.  These  design 
allowables  were  converted  to  equivalent  static  ultimate  design 
stresses  by  multiplying  them  by  the  ratio  of  the  maximum  static 
ultimate  root  bending  moment  to  the  maximum  root  moment  in  the 
cyclic  loading  spectrum,  but  limited  by  the  static  tension 
strength  of  the  material.  These  data  are  summarized  in  Table  VIII 
for  the  Analytical  Assemblies  at  span  station  140. 

Analytical  Assemblies  at  span  station  140  were  given  "Fail 
Safe"  and  "Safe  Crack"  ratings  which  are  illustrated  in  Tables  IX 
and  X.  The  rating  procedures  are  the  same  as  those  used  during 
Contracts  F33615-72-C-2149  and  F33615-74-C-3026 :  Fail  safe  scores 
were  given  to  concepts  which  are  capable  of  resisting  at  least 
1157»  of  limit  load  with  one  major  load  path,  such  as  a  spar  cap, 
failed;  and  the  concepts  wiln  more  elements  at  a  spar  cap  were 
given  higher  scores.  Safe  crack  scores  were  awarded  proportionally 
to  the  safety  factor  between  fracture  design  allowable  stress  and 
maximum  static  design  tension  stress. 

The  graphite  epoxy  Analytical  Assemblies  were  rated  with  the 
maximum  score  of  eight  percent  for  Safe  Crack. 
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450 


Figure  55  Ultimate  Wing  Fuel  Pressures  Due  to  150° /Sec  Roll  Rate  Plus 
5.5  psi  System  Pressure  (Wing  Forward) 
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STRESS 


CONCENTRATION  FACTOR 


FIGURE  56  Fatigue  Design  Allowable  Curve  -  W 
Lower  Surface  (2024-T851  Aluminum) 


Max.  Spectrum  Stress, 


FIGURE  57  Fracture  Design  Allowable  Curve  -  Wing  Box 

Lower  Surface  (2024-T851  Aluminum  Corner  Flaw) 
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FIGURE  59  Fracture  Design  Allowable  Curve  -  Wing  Box 

Lwr  Surface  (Laminated  2024-T81  Aluminum  Surface  Flaw) 
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1  LIFETIME  (FS  NON-INSPECT) 


Initial  Flaw  Length,  2C0,  In 


FIGURE  60 


Fracture  Design  Allowable  Curve  -  Wing  Box 
Lwr  Spar  Cap  (2024-T8511  Aluminum  Surface  Flaw) 


Max.  Spectrum  Stress,  KSI 


a/2c  =  0.5 


NOTE : 


Max  Spectrum  BM  @  Pivot  *  16.42  X  10^  In-Lbs 


Initial  Flaw  Length,  2cQ,  in. 


FIGURE  61  Fracture  Design  Allowable  Curve  -  Wing  Pivot  Fitting 
(Ti-6AL-4V  Surface  Flaw) 


Spectrum  Stress 


TAPER-LOK  BOLT  HOLE 
5 


THICKNESS 

A=0. 2  IN  2024-T8511  AL 
B=0. 09  IN  2024-T81  AL 
C=0. 063  IN  2024-T81  AL 
D=0.31  IN  10  NICKEL  STEEL 


1.0  r — 
MATERIAL 


;  l  M  :  i  l :  i :  1  r  p  ‘  i  -  •  ■ 


Use  static  allowable 


:u£b:^ui::s: 


jj  uH:  2  Lifetimes 

E  ^  (SC.a  Nnn- 


U4I  ~  iiuu-lllopCLL 

S H 4SffTIIW”  1^1  , I 


:  (SCG  Non-Inspect)  " ijjf  HjJ  S&r  i&.  ftH  ft  fj  Im- JHI  Hr}  «jt TiS  nfK' 

I;  N0TE;  Max.  Spectrum  BM  @  Pivot  =  16.42  X  106  In-Lbs  W. 

lil  TfPffffiffr? ^ HP f-ffi-Ttlt' iw mrnTU-U i ..■•u inmi-i.uiiii.1 1 1 1 .  i  ■  i tt-ttt-tt  ■ — r-TTi  i  ■ .  ■ .  ■ . . . . . . ... ~ _  t f r V 


14  -18  .22  . 2( 


.02  ^  '  .06 


Initial  Flaw  Length,  C0,  In. 

FIGURE  62  Fracture  Design  Allowable  Curve  -  Wing  Pivot 

Fitting  (Laminated  2024-T81  Aluminum  Corner  Flaw) 


Max.  Spectrum  Stress,  KSI 
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Figure  63  Fracture  Design  Allowable  Curve  -  Wing  Pivot  Fitting 
(10  Nickel  Steel  Corner  Flaw) 
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ALLOWABLE  CURVE  FOR  ONE 
LIFE  (INCLUDES  S.F.  =  4) 


NOTE 


MAX  SPECTRUM  BM  @ 

PIVOT  =  16.42  x  106  TN. -LBS 


STRESS  CONCENTRATION  FACTOR,  KT 


FIGURE  6h 


Fatigue  Design  Allowable  Curve  -  Wing  Box 
Lower  Surface  (6AL-4V  Beta  Annealed  Titanium) 
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TABLE  IX  ANALYTICAL  ASSEMBLY  "SAFE  CRACK"  RATING 
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4.4  STRESS  ANALYSIS  OF  FULL  SPAN  WING  BOXES 

The  full  span  wing  box  preliminary  designs  (see  Figures  65 
thru  67)  have  been  analyzed  in  two  portions  each  with  an  arbitrary 
line  of  demarcation  at  span  station  100,  for  the  metal  designs; 
and  at  span  station  107  for  the  composite  design.  The  demarcation 
line  permits  examination  of  features  associated  with  splicing,  or 
attaching  the  wing  to  the  fuselage.  It  also  permits  evaluation 
of  the  various  wing  box  concepts  without  the  accommodations 
required  for  attachment  to  the  fuselage. 

Sizing  of  the  structural  members  was  done  using  internal 
loads  from  the  finite  element  model  of  the  baseline,  fatigue  and 
damage  tolerance  design  allowable  stresses  and  fuel  pressures  as 
described  for  the  Analytical  Assembly  phase. 

Finite  element  models  of  the  Preliminary  Design  wings  were 
made  to  demonstrate  the  member  stress  levels,  to  examine  the 
deformations  of  the  boxes  and  to  obtain  the  modes  of  vibration 
for  the  various  designs,  including  the  baseline,  updated  for 
fatigue  and  damage  tolerance  allowables.  Figures  68  and  69 
illustrate  the  stress  distributions. 


4.5  PIVOT  FITTING  STRESS  ANALYSIS 

The  desirability  of  a  fail-safe  multi -loadpath  wing  pivot 
fitting,  for  possible  weight  and  cost  reduction,  prompted  evalu¬ 
ation  of  a  three  path  fitting:  One  path  in  the  continuous  lami¬ 
nated  aluminum  skin  and  two  additional  paths  through  steel  plates. 
This  concept  was  modeled  mathematically  and  is  illustrated  in 
Figures  70  thru  72.  Figures  73  and  74  show  the  pivot 
fitting  arrangements  for  preliminary  design  drawings  633RW001 
and  633RW002. 

A  three  path  fitting  was  also  used  with  the  graphite-epoxy 
wing,  as  shown  in  Preliminary  Design  drawing  633RW003,  and 
illustrated  by  Figure  75.  In  this  case  two  Titanium  tapered 
plates  supplement  the  continuous  composite  skin. 

Two  concepts  were  evaluated  for  reacting  wing  torque  at  the 
attachment  to  the  fuselage.  The  first  concept  as  illustrated  by 
Figures  72  and  73  maintains  a  closed  torque  box  up  to  the  center 
of  the  pivot  lugs.  A  second  concept  terminates  the  wing  torque 
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(Sheet  2  of  2) 


Lower  Surface  of  Metal  Y  Box  Finite  Element 
Model  with  Condition  1  (KSI,  Ultimate) 
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Figure  74  633RW002 


633RW002-1  Pivot  Fitting  (Sheet  2  of  2) 


Figure  75  633RW003-1  Pivot  Fitting  (Sheet  2  of  2) 


box  outboard  of  the  pivot  as  illustrated  in  Figure  76.  This 
second  concept  permits  improved  accessibility  to  the  area  of  the 
lugs,  but  it  produces  additional  bending  in  the  upper  and  lower 
skins  in  the  vicinity  of  the  pivot  fitting. 

The  weights  of  these  lugs  are  shown  in  combination  with  wing 
boxes  in  Table  XI.  One  of  these  combinations,  the  composite 
wing  box  and  the  continuous  torque  box  metallic  pivot  fittings, 
has  not  been  explored  fully.  This  combination  represents  a  goal 
which  should  be  achievable,  but  whose  details  are  not  essential  to 
the  study  at  this  stage. 


4.6  FLUTTER  ANALYSIS 

Flutter  checks  were  made  of  the  baseline  wing  box,  the 
graphite-epoxy  wing  box  and  the  Y-spar  advanced  metallic  wing  box. 
Results  of  these  checks  are  sunmarized  in  Table  XII  and  they  indi¬ 
cate  satisfactory  flutter  characteristics  on  the  basis  of  having 
more  than  twenty  percent  speed  margin  above  .90M  at  sea  level  with 
the  wings  swept  fully  forward. 

The  normal  modes  of  vibration  were  obtained  for  each  design 
by  means  of  the  program  (UGO)  used  for  mathematically  modelling 
each  design;  and  with  the  final  mass  distribution  of  the  wing  box 
and  concentrated  masses  representing  the  leading  and  trailing  edge. 

Flutter  speed  solutions  were  obtained  using  procedure  AA8 
which  uses  the  normal  modes  expressed  as  generalized  mass  coordi¬ 
nates  and  aerodynamic  force  coordinates  computed  using  the  Kernel 
function  method. 

The  Kernel  function  relates  pressure  at  specific  points  on 
the  airfoil  as  functions  of  "downwash".  The  "downwash"  is  a 
function  of  the  model  deflections  and  is  also  related  to  the  free 
stream  flow  normal  to  the  chord  plane. 

Integration  of  these  data  over  the  airfoil  forms  a  pressure 
distribution,  or  aerodynamic  force  coordinates,  for  each  deflec¬ 
tion  mode,  for  use  in  the  solution  procedure,  and  each  solution 
yields  a  value  of  frequency  and  the  damping  required  to  maintain 
neutral  stability. 

Plots  of  damping  versus  velocity  provide  the  means  to  pre¬ 
dict  a  critical  velocity  or  flutter  speed  with  respect  to  the 
minimum  damping  criteria.  These  plots  are  illustrated  in  Figures 
77  through  79. 
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rstol  SPA* 


Figure  76  633RW002-3  Pivot  Fitting  (Shee 


633RVJ002-3  Pivot  Fitting  (Sheet  2  of  2) 


TABLE  XI 


RESULTS  OF  FLUTTER  CHECKS 


4.7  "FAIL  SAFE"  AND  "SAFE  CRACK" 

SCORES  FOR  FULL  SPAN  WINGS 

"Fail  Safe"  and  "Safe  Crack"  scoring  of  the  preliminary 
designs  was  made  using  the  same  procedure  that  was  used  for  the 
"Analytical  Assemblies"  and  the  results  are  shown  in  Tables  XIII 
and  XIV. 
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TABLE  XIII 
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SECTION  V 


FATIGUE  A  N  A  L  Y  S  I  S  0  F 
ADVANCED  TRANSONIC  WIN  G  (A  T  W  -  ’*) 

Fatigue  analyses  have  been  performed  to  demonstrate  analyti¬ 
cal  compliance  of  the  three  preliminary  wing  designs  with  the 
baseline  fatigue  requirements.  The  following  discussions  provide 
a  summary  of  fatigue  analysis  procedures  and  results. 

5.1  FATIGUE  CRITERIA  &  PROCEDURES 

The  fatigue  life  requirements  used  for  this  contract  are 
identical,  to  those  of  the  baseline  and  are  summarized  below: 

1.  The  structural  service  life  shall  be  1280  flights. 

2.  The  fatigue  design  life  shall  be  the  structural  service 
life  times  a  scatter  factor  of  4. 

3.  The  AFFDL  furnished  General  Dynamics  with  an  analytical 
fatigue  loads  spectrum  of  B-l  wing  pivot  bending  moments. 
This  B-l  wing  pivot  bending  moment  spectrum  was  adjusted 
to  yield  wing  pivot  bending  moments  compatible  with  the 
ATW-4  wing  geometry  and  configurations  as  discussed  in 
paragraph  4.0  of  FZM-12-6466.  The  analytical  fatigue 
loads  spectrum  for  the  ATW-4  wing  box  is  shown  in  Table 
XV  and  Figure  80.  The  analytical  design  sections  were 
selected  at  a  wing  chord  plane  perpendicular  to  the  load 
reference  axis  (LRA)  as  shown  in  Figure  80.  Hence,  the 
wing  pivot  bending  moment  spectrum  was  adjusted  by  the 
appropriate  factors  for  each  mission  segment  to  yield  the 
wing  bending  moment  spectrum  68"  outboard  of  the  wing 
pivot  for  the  fatigue  analyses.  These  factors  are  pre¬ 
sented  in  Table  XV  under  the  column  heading  BMp/BM(68") . 

The  fatigue  loads  spectrum  in  Table  XV  was  range  pair  cyclic 
counted  using  computerized  procedures  developed  for  the  AMAVS  pro¬ 
gram  (Contract  No.  F33615-73-C-3001) .  The  wing  pivot  bending  mom¬ 
ent  was  used  for  all  analyses. 

The  safe-life  concept  was  used  as  the  primary  means  of  satis- 
fying  the  fatigue  life  requirements.  The  fatigue  analyses  were 
generally  done  according  to  the  following  procedure: 

1.  Fatigue  control  points  were  selected. 

2.  Control  point  unit  stresses  (stress  per  unit  of 
load)  were  established. 

3.  Fatigue  test  (S-N)  data  were  selected  for  each  control 
point  for  the  appropriate  material  and  stress  concentra¬ 
tion  (K-j)  . 

4.  A  fatigue  stress  spectrum  was  established  for  each  con¬ 
trol  point  by  combining  the  repeated  loads  and  occur¬ 
rences  with  the  unit  stress  data. 
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TABLE  XV  ANALYTICAL  WING  PIVOT  BENDING  MOMENT  SPECTRUM  FLIGHT-BY-FLIGHT  COMPOSITE  MISSION 


ANALYTICAL 
DESIGN  SECTION 
AT  68"  O/B 
OF  PIVOT 


PIVOT 

B.L.  70. 3  j£0 


F.S.  419 


F.S.  487.65 


T.E.  -  . 65C 


TIP 

B.L.  475 


LRA  =  Load  Reference  Axis 

Wing  Bending  Moment  is  in  the  Load  Reference 
Axis  System. 


FIGURE  80 


Baseline  Wing  Geometry 


5. 


The  fatigue  damage  calculations  were  made  for 
the  stress  spectrum  of  (A)  using  the  S-N  data 
selected  in  (3)  and  using  Miner's  cumulative 
damage  rule  which  is  2(n/N)=1.0  at  failure. 

Flexibility  and  rapid  determination  of  fatigue  damage  was  ac¬ 
complished  for  this  program  by  expanding  the  above  procedure  on  a 
parametric  basis  as  shown  schematically  i-n  the  figure  below. 

For  a  particular 


The  approach  in  the  above  figure  was  used  to  compile  a  li¬ 
brary  of  fatigue  data  which  reflected  the  applicable  material  and 
stress  level.  The  data  in  the  above  figure  was  then  cross  plotted 
at  2^/t^=0.25  to  produce  fatigue  damage  data  as  shown  schematically 
in  Figure  >'31.  The  fatigue  damage  for  an  intermediate  Kx  value  can 
be  readily  determined  from  Figure  81. 


Stress  Concentration 


Figure  81  Fatigue 
Damage  Data  Schematic 


! 


Fatigue  S-N  data  curves  were  adjusted  to  account  tor  the  re¬ 
duction  in  fatigue  strength  due  to  elevated  temperatures  which 
occur  in  certain  usage  segments.  The  operating  temperatures  were 
not  available  for  the  various  mission  segments  m  the  fatigue 
spectrum.  Therefore,  an  arbitrary  5  per  cent  reduction  in  all 
fatigue  S-N  data  was  assumed  to  apply  to  all  the  control  points. 

The  fatigue  design  allowable  curves  introduced  in  this  sec¬ 
tion  essentially  indicate  the  interacting  relationships  between 
stress,  stress  concentration  factor  (Kj) ,  and  fatigue  life  for  the 
baseline  fatigue  loads  spectrum.  These  curves  were  developed  con¬ 
sidering  each  of  the  materials  utilized  in  the  design  of  the  wn  g 
lower  surface.  The  fatigue  allowable  curves  are  presented  m 

Appendix  (B) . 

5.2  PRELIMINARY  DESIGN  FATIGUE  ANALYSIS 

Fatigue  design  allowable  stresses  were  determined  for  each 
fatigue  control  point  in  the  three  preliminary  wing  box  designs 
and  in  the  baseline  wing  box.  These  allowable  stresses  are  the 
maximum  allowable  spectrum  stress  based  on  the  calculated  KT  of 
each  control  point  and  are  summarized  in  Table  XVI.  As  previously 
stated,  Miner's  Rule  was  used  in  the  fatigue  analyses  for  develop¬ 
ing  the  fatigue  design  allowable  curves.  Each  of  the  designs  were 
sized  to  meet  or  exceed  the  fatigue  requirements  summarized  in 
paragraph  5.1.  For  the  slow  crack  growth  structure  the  final 
allowable  design  stress  was  generally  based  on  the  damage  toler¬ 
ance  requirements  of  Section  VI  whereas  the  final  allowable  design 
stress  for  the  multiple  load  path-fail  safe  structure  was  gener¬ 
ally  based  on  the  fatigue  requirements. 

Figures  82  through  87  show  the  general  location  of  the  se¬ 
lected  control  points.  Table  XVI  indicates  the  KT  used  for 
design  and  the  net  section  max  allowable  spectrum  stress  at  each 
control  point.  The  max  spectrum  wing  pivot  bending  moment  is 
16.42  x  1()6  in. -lbs.  The  max  design  limit  wing  pivot  bending 

moment  is  18.3  x  10^  in. -lbs. 

The  selected  control  points  are  located  in  the  wing  lower 
surface  of  each  design  because  the  lower  surface  has  primarily 
tension  loads.  The  upper  surface  is  primarily  loaded  in  compres¬ 
sion  or  some  small  tension  loads;  consequently,  the  upper  surface 
has  been  statically  designed  primarily  for  compression  buckling 

requirements . 

The  selection  of  control  points  was  based  on  a  review  of  the 
stresses  and  a  review  of  the  final  preliminary  design  drawings  to 
to  locate  areas  of  known  or  potential  stress  concentrations .  Con¬ 
trol  point  locations  other  than  those  documen ted  in  this  section 
would  probably  require  evaluation  during  a  detail  design  effor  . 


FATIGUE  ANALYSTS 
PRELIMINARY  WING  DESIGNS 
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The  fatigue  damage  is  <1.0  for  a  scatter  factor  of  4. 


Baseline  Wing  Control  Points 
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633-RW001  and  633-RW002  Wing  Pivot 
Attachment  -  Control  Points  6  &  7 


Stress  concentrations  (K^)  were  determined  using  the  guide¬ 
lines  discussed  in  paragraph  5.2.2.  The  best  way  to  evaluate  stress 
concentration  effects  is  by  spectrum  testing  of  components  or  full 
scale  hardware.  This  type  of  test  establishes  a  fatigue  quality 
parameter,  Kf,  which  reflects  fretting,  residual  stress,  fabrica¬ 
tion,  installation  quality,  etc.  that  may  increase  the  theoretical 
stress  concentration  based  on  the  structural  geometry  at  the  control 
point.  In  lieu  of  tests  results,  the  KT’s  assigned  for  this  pre¬ 
liminary  wing  design  program  are  thought  to  be  conservative  but 
within  the  bounds  of  good  engineering  judgement. 

5.2.1  Fatigue  S-N  Data 

Notched  fatigue  S-N  data  was  available  for  2024-T851  and  for 
10  Ni  Steel,  but  no  S-N  data  was  available  for  2024-T81/-T8511 . 

The  following  table  shows  a  summary  of  the  S-N  data  used  in  the 
four  ATW-4  wing  box  designs: 


Material 

I.  • 


TABLE  XVII  S-N  DATA  SUMMARY 


S-N  Lata  Used  for  Analysis 


2024-T851 

2024-T81 

2024-T8511 


2024-T851  Aluminum,  2"  PI,  Long.  Grain, 
Kt“2,  3,  4,  and  5  available  from  F-lll 
fatigue  programs. 


j  10  Ni  Steel 
(HY  180) 

j  6AL-4V  Ti 
i  (Beta  Annealed) 


10  Nickel  Steel,  0.5"  PI,  Longitudinal 
Grain,  Kt=1.0,  2.4  and  5  available  from 
AMAVS  program. 

6AL-4V  Titanium  (Beta  Annealed),  0.59"  PI, 
Longitudinal  Grain,  Kx“1.0,  2.4,  and  5.0 
available  from  AMAVS  program. 


5.2.2  Stress  Concentration  Factors 


The  prime  objectives  of  this  program  have  been  cost  and  weight 
reduction.  The  2024-T81  sheet  material  is  cost  effective.  The 
laminated  structure  allows  a  considerable  weight  reduction.  Except 
for  the  wing  pivot  fitting,  generally  the  laminates  were  bonded 
thus  eliminating  the  need  for  bolts  thru  the  lower  surface  of  the 
wing  box.  Consequently,  there  are  no  stress  concentrations  for 
bolt  holes  in  most  of  the  lower  wing  surface.  However,  in  the  base¬ 
line  wing  box  structure  of  F-lll  construction,  bolts  were  used  to 
attach  the  wing  skins  to  the  spars  and  to  the  wing  pivot  fitting. 
These  bolts  caused  stress  concentrations  resulting  in  lowering  the 
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allowable  fatigue  stress.  Also,  the  wing  lower  surface  fuel  pump 
cutout  was  eliminated  thus  removing  another  area  of  stress  concen¬ 
tration.  Both  bolted  and  laminated  types  of  construction  were 
used  and  evaluated  during  this  preliminary  design  program. 

Stress  concentration  factors  for  bolted  load  transfer  joints 
were  calculated  usitig  a  procedure  taken  from  Metal  Fatigue  by 
Sines  and  Waisman.  This  procedure  accounts  for  che  AKX  resulting 
from  loaded  fasteners  as  shown  in  Figure  88. 

Using  Sines  and  Waisman' s  technique,  a  Kx  of  2.9  was  calcul¬ 
ated  with  the  following  formula  for  the  stress  concentration  at  a 
taper-lok  in  the  baseline  wing  box  lower  surface  skin. 

Kt  -  k't  +  .75 

*1-1.9  +  .75^) 

KX  -  2.9 

The  K* x  ■  1.9  is  based  on  F-lll  fatigue  developmental  tests  for  an 
unloaded  taper-lok  bolt.  However  for  the  baseline  wing  tox  lower 
surface  skin,  a  Kx  of  3.2  was  used  based  on  a  F-lll  fatigue  test 
failure. 

A  KX  of  3.2  was  also  used  for  the  stress  concentration  at  a 
taper-lok  hole  in  the  splice  of  the  wing  box  lower  surface  to  the 
wing  pivot  fitting  lower  surface.  This  KX  was  chosen  because  a 
KX  of  3.2  was  calculated  from  the  F-lll  fatigue  test  failure  at  a 
taper-lok  hole  in  a  splice  at  this  same  area  of  the  wing  and  with 
similar  geometry. 

A  K-j  of  4.5  was  used  for  the  wing  pivot  fitting  lower  lug 
based  on  a  3/8  scale  spectrum  loaded  fatigue  test  specimen  of 
similar  geometry  evaluated  during  the  F-lll  fatigue  development 
test  program. 

For  the  splicing  of  the  lower  spar  cap  to  the  center  spar  web 
of  the  laminated  structure,  a  KX  of  3.5  was  used.  This  was  calcul¬ 
ated  by  using  the  Sines  and  Waisman' s  technique  and  by  using  Stress 
Concentration  Design  Factors  by  R.  E.  Peterson. 

Wing  designs  other  than  the  baseline  and  the  Graphite -Epoxy 
(Gr/Ep)  composite  designs  use  taper-lok  bolts  in  the  wing  pivot 
attachment.  These  taper-lok  bolts  cause  local  stress  concentra¬ 
tions  at  the  holes.  The  Sines  and  Waisman 's  technical  and  Stress  Con¬ 
centration  Design  Factors  by  R.  E.  Peterson  were  used  to  determine 
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structure8  'aTSw"  #t  th?Se,bolC  b°l«  in  the  laminated 
tructure.  A  KT  of  3.7  was  calculated  for  a  hole  in  the  aluminum 

lnrti°n^  ,  sbrucCu”-  A  %  of  4-8  was  calculated  for  a  hole 
in  th*1  steel  portion  of  the  structure. 

The.Gr/EP  composite  wing  design  used  two  plies  of  6AL-4V  Ti 

hnl^H  a1ttachraent-  The  two  plies  of  titanium  are 

bolted  and  adhesively  bonded  to  the  Gr/Ep  composite  These 

hofei8htASh?nk  b°ltS  CaUSe  l0Cal  StreSS  concentrations  at  the  bolt 
holes.  A  stress  concentration  factor  of  2  4  -in  <-ho  ►,• 

determined  by  using  the  Sines  and  Waisraan  technique  with  Stress*5 
Concentration  Design  Factors  by  R.  E.  Peterson.  ?L^earfS^ 
stress  in  the  titanium  was  determined  to  be  relatively  low  Re¬ 
sulting  in  a  small  K-j.  Thus  the  Km  of  2.4  was  determined  rm 

sequently,  taper-lok  bolts  ware  deemed  not  necessary  to  r^duce  the 
stress  concentration.  y  r'auce  ttie 

Generally  the  Gr/Ep  composite  is  not  fatigue  and  fracture 
critical  when  good  engineering  design  is  practiced-  therefore  no 

fo^the  fracture  allowables  were  developed  for’this  material 
tor  the  preliminary  wing  design. 
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SECTION  VI 


DAMAGE  TOLERANCE  OF 
ADVANCED  TRANSONIC  WING  (A  T  W  -  4) 


Fracture  mechanics  was  utilized  throughout  this  program  as 
the  primary  technology  in  providing  damage  tolerant  design.  Frac¬ 
ture  analyses  were  performed  for  the  purposes  of  (1)  developing 
fracture  design  allowable  data  and  (2)  verifying  that  the  final 
selected  designs  meet  the  specified  damage  tolerance  criteria. 

The  detail  damage  tolerance  requirements  utilized  for  this  program 
are  specified  in  MIL-A-83444. 

6.1  DAMAGE  TOLERANCE  CRITERIA 

Damage  tolerance  requirements  are  specified  in  MIL-A-83444 
for  slow  crack  growth  structure  (monolithic  structure)  and  two 
types  of  fail  safe  structure.  In  this  program  the  structure  was 
classified  as  slow  crack  growth  or  multiple  load  path-fail  safe 
structure.  These  requirements  basically  specify  initial  flaw 
sizes,  residual  strength  loads,  and  flaw  growth  limits.  A  non- 
ins  pec  table  category  was  chosen  as  the  basis  for  sizing  the  wing 
box  structure.  One  design  service  life  is  1280  flights. 

6.2  DAMAGE  TOLERANCE  EVALUATION 

Fracture  design  allowable  curves  were  initially  prepared  for 
surface  flaws  and  bolt  hole  flaws  in  the  materials  considered  for 
design  to  aid  in  the  sizing  of  structural  parts.  The  emphasis  was 
on  those  readily  available  materials  which  would  be  most  cost 
effective  and  which  possess  relatively  good  fracture  properties. 

Preliminary  analyses  were  prepared  for  the  wing  box  lower  sur- 
face  parts  which  appear  to  be  fracture  critical.  For  example, 
fracture  critical  parts  are  those  whose  failure  would  cause  loss 
of  the  aircraft  or  severe  operating  penalties.  Analyses  were  also 
prepared  for  points  in  the  wing  pivot  attachment  area  for  both  the 
baseline  structure  and  a  viable  alternate  for  the  baseline  wing 
pivot  attachment  area.  This  analysis  reflects  the  preliminary 
part  thicknesses,  fastener  sizes,  and  stress  levels.  Maximum 
principle  stresses  were  calculated  for  areas  of  biaxial  loading. 

The  cyclic  loads  spectra  used  for  crack  propagation  analyses 
was  identical  to  that  used  in  the  fatigue  analyses.  This  spectrum 
is  shown  in  Table  XV.  Flaw  growth  was  calculated  in  10  flight 
block  increments.  Loads  experienced  once  per  10  flights  or  once 
per  100  flights  were  applied  in  the  proper  sequence. 
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6.2.1  Fracture  Design  Allowables 

Fracture  design  allowable  curves  are  included  in  Appendix  (C) 
and  were  developed  for  each  material  and  flaw  type  as  shown  sche¬ 
matically  in  Figure  89.  The  following  four  steps  are  a  detailed 
explanation  of  the  analytical  technique  used  to  develop  the  frac¬ 
ture  design  allowable  stress. 

1.  For  an  anticipated  flaw  type  and  thickness,  crack  growth 
analyses  were  performed  to  establish  a  series  of  crack 
growth  curves  representing  a  range  of  stress  levels. 

2.  From  step  1  the  maximum  initial  flaw  size  was  determined 

which  would  permit  one  interval  of  growth  (one  or  two 
lifetimes)  as  a  function  of  maximum  stress  in  the  spec¬ 
trum.  The  interval  of  growth  selected  was  a  function  of 
the  specified  period  of  unrepaired  service  usage  for  the 
applicable  degree  of  inspectability .  The  specified 
period  of  unrepaired  service  usage  for  the  noninspectable 
multiple  load  path-fail  safe  structure  is  one  design  life- 
time.  The  specified  period  of  unrepaired  service  usage 
for  the  noninspectable  slow  crack  growth  structuie  is  two 
design  service  lives.  - 

3.  The  allowable  spectrum  stress  was  plotted  as  a  function 
of  initial  flaw  size. 

4.  The  allowable  spectrum  stress  level  was  determined  from 
step  3  in  accordance  with  the  initial  flaw  size  and  per¬ 
iod  of  unrepaired  service  usage  requirements  specified 
in  MIL-A-83444. 

Procedures  anc*  assumptions  used  in  the  fracture  analysis 
effort  are  discussed  in  paragraphs  6.2.2  through  6.2.4.  The  basic 

fracture  data  utilized  fo  ■  analysis  are  discussed  in  paragraph 
o » ^  •  o . 


6.2.2  Flaw  Growth  Model 

The  basic  flaw  growth  model  used  for  fracture  analysis  is 
described  as  follows: 

N 

*n  *  ao  +  2  (C  )  (da/dN)  -  f(  AK)  where 

n-1 

an  -  Crack  length  after  "n"  load  applications 
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PRELIMINARY  FRACTURE  DATA  DEFINED 
FOR  EACH  MATERIAL  CANDIDATE 
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NUMBER  OF  FLTS.  Figure  89  Fracture  Allowable  Approach 


ao  “  Initial  crack  length 

Cp  “  o?efl.Tg^TCtl0n  Parameter  that  retardation 

da/dN  «  Rate  of  crack  growth 

AK  -  Range  of  stress  intensity  during  a  load  cycle 

The  spectrum  retardation  parameter  r  -ic  t-hn  l  „  • 

Wheeler  model  developed  for  use  during  t-h»»Pr  m  „  basis  for  the 
The  Wheeler  model  is'lntended  to  aclount  Lr'siectrr.nL^0?””1- 
'^°UgThhrPa^aifC°^a1latlon)-  establish  a  retardation  exponent 

produces  ^^rack'^growth^urve^which^forms'^lower^m'^boundof*3 

spectrum  environmental  test  results.  o£ 

mlninlX^ias  not'rithifthTs^e  nf°fh“  task^Wso^a86"''^61' 

6.2.3  Stress  Intensity  and  Flaw  Growth 

shown'iTngireTl1^  Sese"^^™  1fc“ture  analTses  are 

stress  intensity  and  crack  le^th^  f  ?  equations  for 
required ?rreCti  n  “88d  ^ 

tion  Itethe1edee1ofmthe1LrCwl:/0r  ^ometrlc  stress  concentra- 
fastener  systS  In  ^he  GK?  modef°  T  aCCOUnt  £°r  e££*cts  o£  the 

Ka8.' P-1 “ 

stress  conc^trltiin  tl^e^eh  “8S  ?Sde  t0  handle  the  cases  “here 

(MOS)  exceeds  materi«“^i?^;£^TEr^T  0r  T™1"8  stress 
Figure  90)  was  a  stre®s*  The  maximum  value  of  GKT  (see 

nition  is  ba«d  Thls  da££‘ 

yield  str^ngi-h  a-u  rea®oning  that  peak  stresses  are  limited  to 
yield  strength  of  the  material  because  of  plastic  flow. 

part-throu^his,irfUla^fhape  W®S  assumed  f°r  analyses  involving 

s  :s*;.=s 

si"-”  iSUv.“;Srss,.“^-s. 


162 


a  8 QlT  HOLES  (Bovvie.MQdel) 


K  •  <r\Jn  c  F(c/r) 

K2 _ 

C  *  v  0*2  if (c/r)l2 


•  SURFACE  FLAW  (Part  th rough ) 

1. 1  <r\J  n  a 

K  -  Mk 

K2  12J6  -  .212  (q/qv)2] 
a  1.21  ira^  Mk2 


1  SURFACE  FLAW  (through  the  Thickness ) . 


K  '<r\[\ 


i  .  K2  > 

wlan,V*  aT5^ 

DERIVED  (FOR  w  2  6") 

1  0-2  K  2 

2c  •  -£-(2.0  -  — "  >£)  ?1*M  streM 


2c  .  -L-C2.0  -  £■)  (-*-/  Strain 


•  SEMICIRCULAR  CQBNiB  CRACK 
k-  (gkt) 

K2  ^2 

a  "  1.44ir<r’2  ^GKT^2 

GKT  -  Gm-,n  +  (Gmax-  Gmjn)Exp  [ln(.Ol)  D|A  ] 


_ n 

ar-  1 

^  4 

_ 

M 

Grain  *1-0  •  Gmax  “  *T 

For  Kf-Omax  *  <rys  ,  Gm8X -  Oys/Omax  By  Definition 
GKT 


Figure  90  stress  Intensity  Expressions 
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Flaw  growth  calculations  were  madp  -icino  „  r  .  ^ 
developed  IBM  370  computer  program  identified  s  S'  Thr'1" 
gram  produces  results  almost  iLfl-pa1  t  ZZ  1X9 *  Thls  Pro" 
AFFDL-TR-70-107  CRACKS  program  TR9  L  produced  bK  the 

somewhat  less  computer  run  time  for  a  typical  analysis"'  lnV°1VeS 

6.2.4  Initial  Flaw  Sizes 

MIL-A-834441<:iFirfJhT  sUe?.a?d  ^s  «e  given  specifically  in 

inspectability  was  assumed  t^b^T  ^SigJ1  analys:j-s,  the  degree  of 

Cure.  The  following  is  a  brief  suLaryVofetheniiitial ^law  StrUC‘ 
and  types  for  noninspectable  structure:  31  flaw  sizes 

1.  Slow  crack  growth  (monolithic)  structure 

<3)  nL^itial  crf k  length’  2c°’  for  a  surface 
flaw  is  assumed  to  be  0.25  inches  in  length. 

<b)  Crfk  length»  co»  a  cracked 

hole  is  assumed  to  be  0.05  inches  in  length. 

2.  Multiple  load  path-fail  safe  structure 

(3)  Saw1?1^31  CTk  1fngth>  2co.  for  a  surface 

flaw  is  assumed  to  be  0.10  inches  in  length. 

Cl>)  h|)fpijlitial  crack  length,  c0,  for  a  cracked 
hole  is  assumed  to  be  0.02  inches  in  length. 

6.2.5  Material  Fracture  Data 

analysis  should ‘include  the'fon™^  SV  <?***«"  fracture 
ized:  include  the  following  data  for  each  material  util- 

1.  Fracture  Toughness  -  KIC,  Kc,  KISCC 

2.  Crack  Growth  Data  -  da/dN,  da/dt 

thlrlfnpaCk  gro^th  data  was  n°t  available  for  some  of  the  desired 
representaUve  da/dirHTntS'  Conse<luently>  either  conservative  or 
th^re  Neglected  for  t^f  "he™al  on  crack  gr0V- 

sustained  ?££  2  — 
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Max.  1-k  Sustained  Tensile  Stress 
Max.  Operating  Tensile  Stress 


/  KISCC 
\  KIC 

However,  additional  data  must  be  developed  before  ascertaining 
the  importance  of  sustained  load  crack  growth  on  the  Graphite- 
Epoxy  (Gr/Ep)  composite  materials. 


The  following  is  a  summary  of  th»  fracture  toughness  data 
assumed  for  the  preliminary  design  analyses: 


Material 

Kic,  ksi  (in.)% 

K^,  ksi  (in. 

2024-T851  Alum. 

22.2 

35.4 

2024-T81  Alum. 

60 

60  for  1  ply 
170  for  4  ply 

2024-T8511  Alum. 

22.2 

35.4 

10  Nickel  Steel 

160 

160 

6AL-4V  Titanium 
(Beta  Annealed) 

80 

193 

_ _ _ 

The  toughness  values  shown  in  this  summary  represent  values  in  the 
L-T  direction.  All  values  are  typical  of  the  raw  stock  sizes  for 
the  forms  specified  for  the  more  critical  parts  evaluated  such  as 
the  wing  box  lower  surface. 

Flaw  propagation  data  (da/dN)  used  for  the  analyses  is  sum¬ 
marized  in  Table  XVIII.  When  flaw  growth  data  was  not  available  for 
the  desired  material  thickness,  the  growth  data  from  a  thicker 
part  of  the  same  type  material  was  used  for  a  conservative  analy¬ 
sis.  In  Research  Report  ERR-FW-1584,  flaw  growth  data  is  ava viable 
from  small  test  specimens  of  4  ply  bonded  laminates  made  from 
2024-T81  aluminum.  Where  applicable  the  decrease  in  flaw  growth 
rate  due  to  the  bond  lines  in  laminated  panels  was  used  to  greatly 
increase  the  allowable  fracture  stress.  Figure  91  shows  a  plot 
comparing  flaw  growth  data  for  1,  2,  3,  and  4  ply  bonded  laminates 
of  2024-T81  aluminum.  Figure  92  compares  the  fracture  design 
allowables  stress  for  sheet,  plate,  and  4  ply  bonded  laminates 
made  from  7.024  aluminum.  Figure  93  compares  the  structural  life 
of  2024  aluminum  sheet,  plate,  and  4  ply  bonded  laminates. 


PRELIMINARY  DESIGN  ANALYSIS 
FLAW  GROWTH  DATA  SUMMARY 
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CRACK  PROPAGATION  RATE,  gjq  ,  JO-6  incSes/cycle 


Specimen  IB  and  1C 
(l-Piy) 


100  T' 

so  • 


STRESS  INTENSITY  PANGE,  AK,  ksi/  inch 

Fatigue  Crack  Propagation  of  1-Ply,  2-Ply,  3-Ply,  and  4-Ply 
Laminates  ot  Adhesive  Bended  2024-T81  Aluminum,  .100  Inch 
Sheet,  R  ■  0.1,  Dry  Air,  L-T  Direction 


Figure  91 
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ATW-4  WING  PIVOT  BM  SPECTRUM  FOR  WING  LOWER  SURFACE.  MAXIMUM  WING 
SPECTRUM  BM  @  PIVOT  -  16.42  x  106  IN-LBS. 

FS  -  FAIL  SAFE  STRUCTURE. 

SCG  -  SLOW  CRACK  GROWTH  STRUCTURE. 

SINGLE  PLY  OR  SHEET  THICKNESS  -  0.090;  PL EAT E  THICKNESS  -  0.912. 


9  999  Ji— ■ I—  Wi 

•  •■■■■a 

•  Mai  a  aaa  a*»«a»aaa*  »#a« 


HHHIi 

wmumm 


mmrjtmwm 


warn 


jfnni! 


msBiaiiH 


Comparison  of  Fracture  Design  Allowables  Sheet  vs.  Plate  vs.  Laminate  Noninspect 
able  Structure  2024  Aluminum  Surface  Flaw 
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6.2.6  Residual  Strength  Load  Determination 

HiAA/.T!?e  resl?ual  strength  load  requirement  specified  in  MIL-A- 
83444  for  nomnspectable  structure  is  denoted  as  PLT,  which  is  the 
maximum  one  time  load  occurring  in  20  lifetimes  as^termined  from 
average  load  exceedance  data. 

Wing  pivot  bending  moment  cumulative  exceedance  plots  were 
construct,  d  from  the  fatigue  loads  spectra  data  shown  in  Table  XV 

tv  a' HSor  at  2n  ™:12'^66-  Th*  exceedance  plot  was  increased 

fled  fn  mf  .  .  for  20  Ufrtlmea  «  sped- 

fied  in  MIL-A-83444  for  non-inspectable  structure.  The  two  points 

userid  Pl°^  f°r  the.t“°  lar8est  wing  pivot  bending  moments  were 
used  to  make  a  straight  line  extrapolation  of  the  plot  to  the  one 
time  occurrence  level.  This  exceedance  plot  is  shown  in  Figure 

::f'  U!in81the  extraP°lated  data  for  the  20  lifetime  occurrences, 
the  residual  strength  load  requirement,  PLT,  is  23.5  X  106  in  -lbs 
of  wing  pivot  net  bending  moment.  The  design  limit  wing  pivot  net' 
bending  moment  is  18.3  X  10*  In.-lbs.  MIL-A-83444  states  Sat  it 
IT  is  greater  than  the  design  limit  load  for  one  lifetime,  then 
the  residual  strength  load  need  not  be  greater  than  1.2  times  the 
maximum  operating  load  for  one  design  lifetime.  Therefore,  PLT 

6flSx  fntC?Urei ®naly®es  was  determined  to  be  1.2  (16.4  X  106) 

23  S.VoeZ  1?h"lba'^°f  rGt  bendin8  moment  instead  of  the 

X  10  in.  -lbs .  determined  from  the  exceedance  plot. 

6.2.7  Preliminary  Wing  Design  Analysis 

Preliminary  fracture  analyses  sufficient  to  evaluate  the  base¬ 
line  wing  box,  two  metallic  wing  boxes,  and  one  composite  wing 
box  are  presented  in  this  section.  All  four  wing  boxes  were  de- 
signed  to  conform  to  the  MIL-A-83444  damage  tolerance  requirements 
for  in-service  non-inspectable  structure.  Even  though  some  of  the 

theUCfUref-  S  inspe^table>  a11  the  analyses  were  accomplished  as  if 
the  structure  was  In-Service  Non-inspectable  Structure.  For  each 

trum  bender68  ^  frac*;ure  allowable  stress  for  the  maximum  spec¬ 
trum  bending  moment  was  developed  to  conform  to  the  residual 

strength  requirement  specified  in  MIL-A-83444.  The  four  wine  box 

esigns  are  the  baseline  box  and  the  final  three  configurations 

allvCJhd  aCC°rding  to  tbeir  ranking  in  the  preceding  task.  Gener¬ 
ally  the  analyses  are  of  the  wing  box  lower  surface 
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6-2. 7.1  Baseline  Wing  Box  (633-RWQOO) 


„„„  P)8  b®seilne  bo*.  633-RW000,  shown  in  Figures  95  and  96 

rr  “rllthic because '^*0^10 “s“ 

Failure  of  the  ?  constr“ctlon  i"  the  chordwise  direction. 

n  th  ^  8  lower  surface  skin  would  cause  loss  of  the  air¬ 
craft.  Consequently,  this  lower  skin  was  required  to  sustain  two 
design  seryice  lives  without  the  specified  initial  flaw  sizes 

bothXa  af  cr^cal  «ack  size.  Corner  flaws  and  surface  flaws  were 
both  analyzed  for  the  lower  surface  of  the  baseline  wing  box 


6.2. 7.2 


^fl'RWOOn^  Laminated  Skln  and  Exposed  Ca£ 


The  ATW-4  wing  box  design  with  the  laminated  lower  surface 
skin  and  with  the  exposed  lower  spar  caps  as  shown  ^Figure  97 
and  98  was  classified  as  multiple  load  path-fail  safe  structure 
Crack  arrest  capability  was  provided  in  this  design  by  ending  each 
Ply  at  the  adjacent  spar;  hence,  a  chordwise  crack  in  a  ply  would 
not  propagate  into  or  past  the  adjacent  ply  or  spar  duringthe 

crarkfied  inspec5ion  interval  because  of  the  inability  of8the 
cr  ck  to  propagate  through  the  bonding  material.  For  a  similar 

bond°iine  an^th^stop.8^  C*P  WOUld  propa8ate  until  reaching  the 

lower^spar^aps^the  ^lamina 

treated  as  multiple  load  path  structures?  i.e  ea^h  plv  ”as  eon- 
sidered  a  load  path  within  the  laminated  panel,  and  each  ply  was 

™en  iheecr"ttcalbolUSln8  b“di"g  technl<»ues  rath«  than  fasteners, 
which  U  swted  i„PML™!83W  aCC°rdl"g  t0  the  “iteria 

1‘  £r"aak«rS^J1?'fd4t?  propa8ate  for  one  design  lifetime 
from  a  specified  initial  surface  flaw.  During  the  crack 

to°be8bondedf°r  °"e  Ufetlme’  a11  the  P11^  *re  assumed 

?£tef  ilfatl^e  of  SfO^th,  the  required  residual  load 
(Plt)  was  applied  to  this  ply  without  causing  the  crack 
to  propagate  to  critical  crack  length  for  this  ply. 

During  the  application  of  the  required  residual  load, 
this  cracked  ply  is  assumed  to  have  been  delaminated  from 
the  remaining  structure. 

When  a  design  of  the  laminated  wing  lower  surface  had  exDosed 
lower  spar  caps,  these  spar  caps  were  analyzed  by  using  the  follow¬ 
ing  procedure  to  apply  the  MIL -A-8 3444  criteria  8 


2. 
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NO.  FLIGHTS  X  10z 
Figure  95  633-RWOOO  Baselin 


o 

__  _  I 

H  <  CQ 


o  Lower  spar  cap 
o  Surface  flaw 
o  Multiple  load  path  -  fail 


NO.  FLIGHTS  X  102 

Figure  98  633-RWOOI  Wing  Box  Preliminary  Fracture  Analysis 

F*  1  n-i _ a-  r\  •' 


1.  Crack  propagation  data  for  this  type  of  spar  cap  was 
unavailable  because  of  the  stepped  forward  and  aft 
flange  of  the  cap  and  because  of  the  laminated  effect  at 
the  forward  and  aft  edges  of  the  cap  flange.  As  shown  in 
Figure  91,  the  laminated  structure  (bonded  plies)  has  a 
slower  crack  growth  rate  than  the  monolithic  structure 
(single  ply) .  The  crack  growth  rate  for  this  exposed 
spar  cap  is  thought  to  be  between  the  rate  for  the  lami¬ 
nated  plies  and  the  rate  for  plate  material.  Therefore, 
crack  propagation  data  for  the  plate  material  was  used 
as  a  conservative  crack  propagation  rate  for  this  spar 
cap. 

2.  Because  the  spar  cap  could  fail  without  loss  of  the  air¬ 
craft,  the  spar  cap  was  treated  as  multiple  load  path- 
fail  safe  structure. 

3.  Therefore,  a  specified  initial  surface  flaw  was  allowed 
to  propagate  for  one  lifetime  while  assuming  the  cap  was 
not  bonded  to  the  plies . 

4.  After  one  lifetime  of  growth,  the  required  residual  load 
(Pur)  was  applied  to  the  spar  cap  without  causing  the 
crack  to  propagate  to  critical  crack  length.  During  the 
application  of  the  required  residual  load,  this  cracked 
cap  was  assumed  to  have  been  delaminated  from  the  remain¬ 
ing  structure. 

6.2. 7.3  Wing  Box  with  Laminated  Skin  and  Imbedded  Spar  Cap 
(633-RW002) 

Another  ATW-4  wing  box  design  has  a  laminated  lower  surface 
skin  with  imbedded  lower  spar  caps  as  shown  in  Figure  99  and 
100.  The  exterior  ply  of  the ’lower  wing  surface  is  continuous 
from  the  front  spar  to  the  rear  spar.  Some  of  the  interior  plies 
terminate  at  the  spar  caps.  Because  loss  of  the  exterior  ply 
would  result  in  loss  of  the  aircraft,  the  exterior  ply  of  this  wing 
box  design  was  treated  as  slow  crack  growth  structure.  This 
exterior  ply  was  sized  according  to  the  MIL -A -8 3444  criteria  by 
using  the  following  procedure: 

1.  A  crack  was  allowed  to  grow  for  two  design  lifetimes  from 
a  specified  initial  through- the- thickness  flaw  while 
assuming  this  ply  was  bonded  to  the  remaining  structure. 
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ox  Preliminary  Fracture  Analysis 
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Figure  100  633-RW002  Wing  Box  Preliminary  Fracture  Analysis 

Control  Point  F 


2.  After  two  lifetimes  of  growth,  the  required  residual  load 
(Plt)  was  applied  to  the  cracked  ply  without  causing  the 
crack  to  propagate  to  critical  crack  length.  During  the 
application  of  this  residual  load,  this  cracked  ply  was 
assumed  to  have  been  delaminated  from  the  remaining  s« lec¬ 
ture. 


Wlng  boX  de8i8"  havin8  a  laminated  lower  surface  skin 
with  imbedded  lower  spar  caps  as  shown  in  Figures  99  and  100,  no 
fracture  analysis  of  the  imbedded  spar  cap  was  made  because  no 
crack  growth  data  was  available.  However,  a  fracture  allowable 
stress  was  determined  using  the  following  rationalization: 

1.  No  crack  growth  data  was  available  for  a  stepped  fore  and 
aft  flfnge  of  a  spar  cap. 

2.  No  crack  growth  data  was  available  for  a  spar  cap  bonded 
to  or  in  a  laminate. 

3.  However,  the  crack  growth  rate  in  an  imbedded  cap  is 
thought  to  be  between  the  crack  growth  rate  for  the  ex¬ 
posed  spar  cap  and  the  laminated  skin  panel. 

4.  The  imbedded  cap  and  adjacent  plies  of  skin  must  strain 
at  the  same  rate  to  remain  bonded.  Hence,  the  allowable 
operating  stress  is  the  same  in  the  cap  as  in  the  adjac¬ 
ent  plies  of  skin.  Consequently  the  fracture  allowable 
stress  for  the  cap  was  assumed  to  be  the  same  as  the  frac¬ 
ture  allowable  stress  for  the  exterior  ply  of  the  skin 
panel . 

6*2*7*^  Graphite -Epoxy  (Gr/Ep)  Composite  Wing  Box  (633-RW003) 

The  ATW-4  Graphite-Epoxy  composite  wing  box  design,  633-RW003, 
as  shown  in  Figure  101  has  Gr/Ep  skins  and  imbedded  Gr/Ep  "Y" 
spars.  The  upper  wing  surface  skin  is  bolted  to  the  spars.  The 
lower  wing  surface  skin  is  bonded  to  the  precured  intermediate 
spars  and  bolted  to  the  front  and  rear  spars.  Ordinarily  the 
bolts  are  in  Noraex  buffer  strips,  which  have  only  ±  45°  plies, 
thus  reducing  the  stress  concentrations  at  the  bolt  hole  and  pro¬ 
longing  the  fatigue  life.  However,  a  small  amount  of  test  data 
developed  during  a  current  program  has  indicated  the  Nomex  buffer 
strips  are  unnecessary  for  this  design  because  the  bolt  bearing 
stresses  are  so  small.  To  save  cost  these  buffer  strips  were 
omitted.  This  composite  design  was  classified  as  slow  crack 
growth  structure  because  the  lower  skin  is  one  piece  construction 
having  no  spanwise  buffer  strips  or  splices.  An  assumption 
has  been  made  that  the  graphite  epoxy  wing  box  will  be 
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prevented  from  absorbing  moisture,  fuel,  and  etc.  by  painting  all 
the  wing  surfaces,  installing  a  fuel  bladder  inside  the  wing  box, 
and  etc.  Thus  the  Gr/Ep  would  be  kept  dry.  Generally  a  Gr/Ep 
composite  exposed  to  a  high  humidity  or  fuel  and  to  an  elevated 
temperature  greater  than  200°F  loses  much  of  its  strength  for 
shear  and  compression  loads  but  retains  most  of  its  strength  for 
tension  loads.  Usually  shear  loads  and  compression  loads  do  not 
cause  fatigue  or  fracture  problems.  Dry  Gr/Ep  composite  material 
is  very  resistant  to  fatigue  and  fracture.  The  static  design 
allowable  stress  was  used  for  the  fatigue  and  fracture  design 
allowable  stress  for  three  reasons:  (1)  the  Gr/Ep  composite 
would  be  kept  dry,  (2)  shetr  and  compression  stresses  generally 
do  not  cause  fatigue  or  fracture  problems,  and  (3)  dry  Gr/Ep  com¬ 
posite  structure  is  generally  not  fatigue  or  fracture  critical. 
Thus  no  fracture  analysis  has  been  made  for  the  preliminary  design 
of  the  Gr/Ep  composite  wing  box.  A  detailed  fracture  analysis 
will  be  accomplished  for  this  Gr/Ep  composite  wing  box  if  this 
design  is  selected  for  the  final  ATW-4  wing. 

6.2. 7.5  Baseline  Wing  Pivot  Fitting 

The  baseline  wing  design  has  a  wing  pivot  fitting  with  simi¬ 
lar  geometry,  similar  construction,  and  the  same  kind  of  material 
as  the  F-lll  design.  The  lower  surface  of  the  wing  pivot  fitting 
is  classified  as  slow  crack  growth  structure.  An  assumption  was 
made  to  use  the  same  fracture  allowable  stresses  for  the  baseline 
wing  pivot  fitting  as  was  used  for  the  F-lll  wing  pivot  fitting. 

6-2-7-6  Metallic  Wing  Pivot  Attachment  (633-RW001  and  633-RW002) 

The  ATW-4  metallic  wing  designs  have  a  wing  pivot  attachment 
classified  as  multiple  load  path-fail  safe  structure.  The  wing 
pivot  attachment  consists  of  laminated  2024  aluminum  plies  bolted 
to  two  10  Ni  steel  plates  by  using  1"  taper-lok  bolts  as  shown  in 
Figures  102  and  103.  This  wing  pivot  attachment  is  fail  safe 
because  the  laminated  aluminum  plies  or  one  of  the  steel  plates 
can  fail  without  loss  of  the  aircraft.  Three  control  points  were 
chosen  for  fracture  analysis.  As  shown  in  Figure  102,  one  con¬ 
trol  point  is  located  at  the  1"  taper-lok  bolt  hole  in  the  end  of 
the  10  Nickel  steel  plate  that  has  a  shape  similar  to  a  boomerang. 
A  second  control  point  is  located  at  this  same  taper-lok  bolt  hole 
but  in  one  of  the  aluminum  plies  instead  of  the  stell  plate  as 
shown  in  Figure  103.  The  procedure  used  for  analyzing  both  of 
these  control  points  is  as  follows: 

1.  Assume  an  initial  comer  flaw,  cD,  of  0.02  inch  long 
per  MIL-A-83444  criteria. 
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Figure  102  633-RW001  and  633-RW002  Wing  Pivot  Attachment  -  Control  Points  G  and 
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Figure  103  633-RW001  and  633-RW002  Wing  Pivot  Attachment  -  Control  Point  H 


2.  This  initial  flaw  was  allowed  to  propagate  for  one  design 
service  life. 

3.  The  aluminum  laminate  was  sized  such  that  the  crack  in 
the  cracked  ply  would  not  grow  to  critical  crack  length 
when  the  MIL-A-83444  required  residual  load  was  applied 
after  one  design  service  life.  When  the  residual  load 
was  applied,  the  aluminum  ply  was  assumed  not  to  have  been 
attached  to  the  remaining  structure. 

The  10  Nickel  steel  plate  was  sized  such  that  the  crack 
in  the  plate  would  not  propagate  to  critical  crack  length 
when  the  MIL-A-83444  required  residual  load  was  applied. 

The  third  control  point  is  located  in  the  10  nickel  steel  por¬ 
tion  of  the  ATW-4  wing  pivot  attachment  lug  as  shown  in  Figure  102 
For  this  preliminary  fracture  analysis,  the  allowable  stress  for 
the  wing  pivot  lug  was  assumed  to  be  the  same  value  as  was  used  in 
the  1  taper-lok  bolt  hole  control  point  in  the  10  Nickel  steel 
piate  as  discussed  in  the  first  paragraph  of  this  section.  A  de¬ 
tailed  fracture  analysis  will  be  accomplished  for  this  10  Nickel 
steel  wing  pivot  attachment  lug  if  this  design  is  selected  for  the 
final  ATW-4  wing. 


6.2. 7. 7  Graphite-Epox^ 
(633-RW003) 


(Gr/Ep)  Composite  Wine  Pivot  Attarhmpnt- 


The  ATW-4  Gr/Ep  composite  wing  design  has  a  wing  pivot  attach¬ 
ment  that  is  different  from  the  metallic  wing  designs.  The  lower 
surface  of  the  wing  pivot  attachment  of  the  Gr/Ep  composite  wing 
nas  Gr/Ep  composite  sandwiched  between  two  plies  of  6AL-4V  Titanium 
(Beta  Annealed)  as  shown  in  Figure  104.  The  outboard  portion  of 
the  titanium  is  both  bolted  and  adhesively  bonded  whereas  the  area 
near  the  wing  pivot  pin  is  only  adhesively  bonded.  This  fracture 
anaiysis  concerns  the  area  of  bonded  titanium  plate  without  bolts. 
This  structure  is  classified  as  multiple  load  path-fail  safe  struc- 
ture  because  one  ply  of  6AL-4V  Ti  or  the  Gr/Ep  composite  could  fail 
without  loss  of  the  aircraft.  A  fracture  analysis  of  the  titanium 
plate  was  performed  using  the  following  procedure: 

1.  Assumed  bonding  effects  were  negligible. 

2.  Assume  an  initial  surface  flaw,  2c0,  of  0.10  inch 
long  per  MIL-A-83444  criteria. 
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Figure  104  633-RW003  Wing  Pivot  Attachment  Control  Point  J 


3.  This  initial  flaw  was  allowed  to  propagate  for  one 
design  service  life. 

4.  The  cracked  interior  titanium  ply  was  sized  such  that 
the  crack  would  not  grow  to  critical  crack  length  when 
the  MIL-A-83444  required  residual  load  was  applied  after 
one  design  service  life. 

6.3  DISCUSSION 

Figures  95  through  104  show  the  flaw  growth  analyses  for 
each  assumed  failure  mode.  These  failure  modes  are  part-through, 
through  the  thickness,  and  bolt  hole  flaws  as  shown  on  the  figures. 
Maximum  operating  stress  (MOS)  are  indicated  and  correspond  to  the 
maximum  spectrum  wi,ng  pivot  bending  moment  of  16.42  X  106  in. -lbs. 

Table  XIX  presents  a  summary  of  the  fracture  design  allow¬ 
able  stresses  for  the  control  points  in  the  baseline  wing  design 
and  the  preliminary  ATW-4  wing  designs. 

Appendix  C  contains  the  preliminary  fracture  design  allowables 
data  for  the  baseline  and  the  other  wing  designs.  This  data  is 
presented  for  surface  flav  s  and  corner  flaws  in  each  of  the  designs. 
This  data  consists  of  plots  of  initial  flaw  length  versus  the 
maximum  spectrum  or  operating  stress  for  one  or  two  design  life¬ 
times.  The  fracture  allowable  design  stress  is  determined  by 
entering  the  allowable  curve  at  the  initial  flaw  size  specified 
in  MIL-A-83444  and  then  reading  the  maximum  spectrum  stress  for 
the  appropriate  number  of  lifetimes.  This  data  is  presented  for 
selected  control  points  of  surface  flaws  and  corner  flaws. 

6.4  CONCLUSION 

The  fracture  allowable  design  stresses  are  much  larger  for 
the  bonded  laminated  structure  than  for  the  monolithic  structure. 

As  was  stated  before,  all  the  fracture  analyses  were  done  in  accord¬ 
ance  with  the  MIL-A-83444  damage  tolerance  criteria  for  In- 
Service  Non-Inspectable  Structure.  The  crack  growth  is  much 
slower  for  a  4-ply  lamination  of  2024-T81  sheet  material  than  for 
a  single  ply  of  the  same  material.  A  comparison  of  the  flaw 
growth  data  for  1,  2,  3,  and  4  ply  bonded  laminates  of  2024-T81 
aluminum  is  shown  in  Figure  91.  Where  applicable,  the  decrease 
in  flaw  growth  rate  due  to  the  bond  lines  in  laminated  panels  was 
used  to  greatly  increase  the  fracture  allowable  stress  values.  A 
comparison  of  fracture  design  allowable  stresses  for  2024  aluminum 
sheet,  plate,  and  bonded  laminate  is  shown  in  Figure  92.  For  an 
assumed  initial  flaw  size  in  Figure  91,  the  max.  fracture 
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table  XIX 

fracture  analysis  results  for  preliminary  WING  DEStCNS 
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allowable  operating  stress  is  much  larger  for  the  4-ply  bonded 
laminate  than  for  the  plate  or  sheet  material.  To  further  illus¬ 
trate  the  advantages  of  bonded  laminates  for  increasing  fracture 
resistance,  a  comparison  of  structural  life  of  2024  aluminum  sheet, 
plate,  and  4-ply  bonded  laminate  is  shown  in  Figure  93.  For  an 
assumed  max.  operating  stress,  the  sheet  and  plate  material  show 
less  than  \  design  service  life  whereas  the  4-ply  bonded  laminate 
shows  greater  than  6  design  service  lives.  Consequently,  the 
bonded  laminate  designs  were  controlled  by  the  fatigue  requirements 
whereas  the  monolithic  structure  design  was  controlled  by  the  frac¬ 
ture  requirements . 

The  Gr/Ep  composite  material  is  fatigue  and  fracture  resistant 
when  kept  in  dry  air;  therefore,  provisions  should  be  incorporated 
in  design  to  prevent  moisture  absorption  during  the  composite  mat¬ 
erial  service  life.  However,  more  data  is  needed  to  determine  the 
importance  of  environmental  effects  on  the  Gr/Ep  composite. 
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SECTION  VII 


SPAR  LOCATION  SENSITIVITY 


STUDIES 


Front  and  rear  spar  location  sensitivity  studies  were  per¬ 
formed.  The  Front  Spar  was  relocated  from  .150C  to  .175C  and 
. 200C,  while  holding  the  Rear  Spar  at  .650C;  and  the  Rear  Spar 
was  relocated  from  .650C  to  .700C  and  .750C,  while  holding  the 
Front  Spar  at  .150C.  Figures  105  thru  108  show  these  spar 
location  changes. 

The  studies  were  performed  on  the  laminated  lower  skin  box 
concept  with  three  extruded  "Y"  internal  spars,  using  the  existing 
finite  element  model  with  the  necessary  spar  relocation  and  the 
material  thicknesses  unchanged. 

Stresses  for  the  relocated  spar  case  were  used  to  adjust 
thicknesses  to  restore  the  stresses  to  their  original  values 
and  the  sum  of  the  effects  of  thickness  change  is  shown  in 
Table  XX  for  each  relocation  case.  Table  XX  also  shows  the 
fuel  volume  changes  associated  with  the  spar  location  changes. 

It  has  been  determined  that  changing  spar  locations  would 
not  re-rank  the  three  preliminary  designs.  The  most  significant 
effect  of  changing  the  spars  is  the  change  in  fuel  volume. 

Moving  the  rear  spar  to  .75C  will  add  1386  pounds  of  fuel  per 
aircraft. 

It  is  interesting  to  note  that  moving  the  rear  spar  aft 
increases  fuel  volume  but  also  increases  the  box  weight.  The 
weight  increase  is  due  to  the  fact  that  aft  of  .65C  the  added 
skin  material  has  a  reduced  centroidal  distance  and  also  to  the 
fact  that  the  outboard  portion  of  the  wing  skins  is  sized  by 
^*el  pressure.  Extra  chord  width  outboard,  then,  does  not  reduce 
skin  stresses  at  all. 


190 


PLAN  VIEW  su«  «• 

FIXED  R/SGHVjF/i  HOrtD  AFT  25% 


FIGURE  I  0  5  FRONT  SPAR  MOVED  AFT.  2.5  % 
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USING  CONDITION  4  FOR  REFERENCE.  TIP  UP  AND  L.E 
ARE  POSITIVE,  BOTH  ULTIMATE 


SECTION  VIII 


VAIUE  ENGINEERING 


Throughout  this  program  Value  Engineering  in  consonance  with 
grass  roots  estimating  personnel  have  provided  accurate  cost  data, 
evaluation  and  trade  study  inputs  to  design  personnel  for  each 
concept,  at  each  phase  of  the  program,  identifiable  by  element 
within  the  concept.  This  information  was  used  to  identify  areas 
requiring  additional  design  and  trade  study  effort  as  shown  in 
Figure  109, 


8.1  COSTING  GROUNDRULES 
Costing  groundrules  were  as  follows: 

o  Estimates  to  be  made  for  recurring  acquisition 
costs 

o  Production  rate  of  four  ship  sets  (8  units) 
per  month 

o  Avr cage  curamulative  costs  for  200  ship  sets  in 
1975  dollars  for  the  analytical  assembly  concepts 

o  For  the  preliminary  design  concepts  compute  1975 
and  1980  average  cummulative  costs  for  1,  4,  40, 
100  and  200  ship  sets 

o  Use  General  Dynamics  rates  and  cost  structure. 

The  costs  developed  included  recurring  costs  such  as: 
o  Manufacturing  o  Tool  Engineering  Maintenance 

o  Product  Assurance  o  Tool  Manufacturing  Maintenance 

o  Configuration  Control  o  Quality  Assurance 
o  M*  trials  o  General  &  Administrative 

o  Overhead  o  Tool  Material  Maintenance 
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ENGINEERING 
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Figure  109  Estimating  Methodology 


The  estimates  did  not  include  non-recurring  costs  such  as: 


o  Engineering  Design  &  Development  Costs 
o  Basic  and  Augmentation  Tooling 
o  Production  Aid  Tooling 
o  Flight  Testing 


8.2  MATERIAL  COSTS 

Material  costs  were  projected  to  a  cummulative  average  for 
200  ship  sets  from  a  list  of  material  (LM)  on  the  released  full 
size  component  and  analytical  assembly  drawings.  Start  and  finish 
weights  and  dimensions  were  provided  for  costing  purposes. 

Procurement  department  estimating  personnel  estimated  each 
line  item  in  detail  using  recent  purchase  orders,  vendor  published 
catalogues  or  direct  vendor  quotes.  Material  form,  dimensional 
requirement  and  "extras"  such  as  heat  treat,  cut  to  length,  etc., 
were  considered  in  the  estimates. 

Historical  material  factors  were  added  to  the  basic  estimate 
to  reflect  hidden  costs  such  as  attrition,  freight  in  and  material 
overhead.  Costs  for  quantities  of  one  through 40  were  adjusted  to 
reflect  a  95%  learning  curve.  Because  materials  are  usually  pur¬ 
chased  in  yearly  lots,  only  one  half  of  the  value  for  the  95  per¬ 
cent  cost  curve  was  used  to  project  average  unit  costs  for  100  and 
200  unit  quantities. 

The  material  cost  data  was  made  available  to  the  designers 
through  a  series  of  master  costing  drawings  which  were  left  open 
un  the  design  area  for  review,  evaluation,  and  comparison. 


8.3  MANUFACTURING  COSTS 

Industrial  Engineering  personnel,  utilizing  labor  standards 
and  applicable  realization  factors  considered  the  material  form, 
material  type,  and  approximately  82%  average  learning  curves  to 
project  cummulative  average  200  ship  set  manufacturing  costs  for 
the  various  configurations. 

Included  in  those  estimates  are  provisions  for  historically 
hidden  costs  such  as  processing,  allocations,  rework  and  shop 
liaison. 


202 


An  additional  factor  was  applied  to  these  direct  labor  hours 
to  arrive  at  a  projected  cost  for  quality  assurance. 

This  data  was  then  made  available  to  the  designers  through 
the  same  series  of  master  costing  drawings  as  was  described  in 
section  8.2  under  material  costs. 


8.4  TOOLING  COSTS 

Projected  recurring  costs  include  provisions  for  various 
"maintenance  type"  tooling  costs  such  as  tool  manufacturing,  tool 
engineering,  tool  materials,  and  tooling  QA  charges.  These  costs 
were  derived  through  use  of  empirical  ratios  applied  to  detail 
estimates  for  non-recurring  tool  manufacturing  and  tool  augmenta¬ 
tion  costs. 

These  detail  estimates  include  the  basic  tools  which  would  be 
necessary  to  fabricate  the  full  size  components  in  addition  to  the 
augmentation  tools  necessary  to  arrive  at  a  four  ship  set  per 
month  production  rate. 


8.5  COMPARISON  OF  ANALYTICAL  ASSEMBLY  COSTS 
BETWEEN  BASELINE  AND  ADVANCED  CONCEPTS 

Table  XXI  is  a  tabulation  of  cummulative  average  costs  for 
200  units  of  each  advanced  analytical  assembly  concept  and  the 
baseline  in  1975  dollars. 


8.6  COMPARISON  OF  COSTS  BETWEEN  BASELINE 
AND  ADVANCED  CONCEPTS  FOR  PRELIMINARY 
DESIGN  CONCEPTS 

Table  XXII  is  a  tabulation  of  cummulative  average  costs  of 
1,  4,  40,  100,  and  200  unit  wing  boxes  for  advanced  concepts  and 
the  ATW-4  baseline  shown  in  1975  and  1980  dollars.  Illustration 
of  these  designs  are  shown  in  Figures  110  through  113. 
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TABLE  XXI  SUMMARY  ANALYTICAL  ASSY  COST 
WING  BOX 

(1975  DOLLARS) 


ASSY  NO 

MATL  $ 

MFG  $ 

TOOLING  $ 

TOTAL 

633RA000-1 

4244 

7777 

289 

12310 

633RA001-1 

3395 

6442 

254 

10091 

633RA001-3 

3612 

6917 

245 

10774 

633RA001-5 

3589 

7067 

336 

10992 

633RA001-801 

3503 

6965 

192 

10660 

633RA001-803 

3168 

6291 

282 

9741 

633RA001-805 

2799 

6672 

306 

9777 

633RA002-1 

3033 

6301 

212 

9546 

633RA003-1 

4956 

7058 

263 

12277 

633RA003-3 

3699 

8835 

259 

12793 

633RA003-5 

2999 

7643 

276 

10918 

633RA003-801 

3520 

6985 

228 

10733 

633RA004-1 

3770 

4048 

173 

7991 

633RA004-3 

4564 

4594 

150 

9308 

633RA004-5 

4198 

4277 

207 

8682 

633RA005-1 

37762 

5227 

291 

43280 

633RA006-1 

39507 

5652 

149 

45308 

6?3RA00#'-3 

32690 

4973 

149 

37812 

633RA007-1 

36838 

11043 

212 

48093 

633RA008-1 

38011 

5508 

202 

43721 

Average  for  200  Units 
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Figure  111  ATW-4  Wing  Box-Laminated  Aluminum  Lower  Skin  With  "Y"  Spars 


Table 


Configuration 


Baseline  Design 
Drawing  No. 
633RW00-1 


Supercritical  Design 
Drawing  No. 
633RW001-1 


Supercritical  Design 
Drawing  No. 
633KW002-1 


Supercritical  Design 
Drawing  No. 
633RW002-3 


Supercritical  Design 
Drawing  No. 
633RW003-1 


Supercritical  Design 
Drawing  No. 
633KW003-3 


Wing  Box  Cost  Analysis  Supercritical 
Wing  Preliminary  Design  Study 


Lot 

Site 


1 

4 

40 

100 

2C0 


1 

4 

40 

100 

200 


1 

4 

40 

100 

200 


1 

4 

40 

100 

200 


1 

4 

40 

100 

200 


1 

4 

40 

100 

200 


Average  Unit  Values  (000) 


1975  Dollars 


Cost  I  Earnings  Price 


578 

465 

287 

234 

200 


496 

398 

248 

203 

174 


519 

416 

256 

208 

178 


542 

434 

267 

216 

185 


651 

554 

398 

355 

326 


621 

528 

383 

342 

315 


59 

47 

29 

23 

20 


50 

40 

25 

20 

18 


S2 

41 

26 

21 

18 


54 

44 

27 

22 

18 


65 

55 

40 

35 

33 


62 

53 

38 

34 

32 


637 

512 

316 

257 

220 


546 

438 

273 

223 

192 


571 

457 

282 

229 

196 


596 

478 

294 

238 

203 


716 

609 

438 

390 

359 


683 

581 

421 

376 

347 


1980  Dollars 


Cost  I  Earnings  Price 


728 

585 

362 

294 

252 


626 

503 

314 

257 

221 


654 

524 

324 

264 

225 


682 

547 

336 

274 

234 


73 

59 

36 

30 

25 


63 

50 

31 

26 

22 


65 

52 

32 

26 

23 


68 

55 

34 

27 

23 


727 

610 

427 

375 

341 


689 

578 

406 

357 

325 


73 

61 

43 

37 

34 


69 

58 

41 

36 

33 


801 

644 

398 

324 

277 


689 

553 

345 

283 

243 


719 

576 

356 

290 

248 


750| 

602 

370 

301 

257 


800| 

671 

470 

412 

375| 


758) 

636) 

447 

3931 

358 
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SECTION  IX 


MANUFACTURING 


The  method  of  manufacturing  of  the  wing  boxes  developed  in 
this  study  was  determined  at  both  the  analytical  assembly  level 
and  at  the  preliminary  design  phase.  This  included  a  listing 
of  all  tools  required  to  manufacture  the  analytical  assemblies 
and  the  preliminary  design  boxes  as  well  as  an  estimate  of  the 
non-recurring  cost  of  these  tools.  This  estimate  was  necessary 
in  order  to  determine  the  recurring  cost  to  maintain  these  tools 
in  the  production  lots  required  by  the  contract  as  well  as  define 
the  manufacturing  plan  for  use  by  industrial  engineering  to 
develop  the  manufacturing  costs. 


9.1  ANALYTICAL  ASSEMBLY  STUDY 

Each  of  the  analytical  assemblies  was  evaluated  to  deter¬ 
mine  the  manufacturing  processes  that  were  required  and  the  tools 
necessary  for  fabrication.  Added  to  this  was  the  additional 
tools  required  to  meet  the  production  rate  requirements.  From 
this  information  the  tool  manufacturing  hours  were  estimated. 
Table  XXIII  summarizes  a  typical  tooling  summary  for  633RA003-801 
analytical  assembly.  The  total  non-recurring  tooling  mfg.  hours 
were  then  determined  for  each  analytical  assembly,  including  tool 
engineering  hours  and  tool  material  costs.  From  this  information 
the  total  recurring  costs  were  determined.  A  summary  of  these 
costs  are  shown  in  Table  XXIV. 


9.2  PRELIMINARY  DESIGN  STUDY 

The  preliminary  wing  box  designs  were  analyzed  to  determine 
the  manufacturing  processes  and  tools  that  would  be  required  for 
the  fabrication  of  *  complete  wing  box.  In  addition,  the  extra 
tools  required  to  1  .et  the  production  rate  requirements  were  also 
considered.  Total  tooling  recurring  costs  were  determined  and 
manufacturing  plans  were  outlined  for  each  preliminary  wing  box 
design  in  order  to  develop  the  manufacturing  costs  and  to  assist 
in  the  evaluation  of  each  of  the  wing  box  configurations.  The 
manufacturing  plan  for  the  baseline  design,  the  top  ranked 
design,  and  the  composite  wing  design  are  being  discussed  in 
this  section. 
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TABLE  XXIII  633RA003-801  TOOL  SUMMARY 


ADD  FOR  RATE 

TASK  ITEM 

TOOL 

UNIT 

NO. 

TOTAL 

REMARKS 

CODE 

HOURS 

TOOLS 

HOURS 

-7  SKIN 

FLTP 

1 

6 

SAW  (EXCESS) 

CKTP 

1 

12 

BRAKE  FORM 

RTEX 

1 

40 

ROUT  TO  SIZE 

-83  F.  SPAR 

(PDTA 

80 

2 

160 

MILL  COMPLETE 

-91  R.  SPAR 

IMLFX 

80 

2 

160 

* 

-175,  -177  UP.AUX.SPAR  CAP 

-179,  -181  UP.AUX.SPAR  CAP 

MLFX 

80 

6 

480 

MILL  COMPLETE 

-183,  -185  UP.AUX.SPAR  CAP 

-191  LWR . AUX . S  PAR  CAP 

JPDTA 

60 

3 

180 

MILL  COMPLETE 

-193  LWR. AUX. SPAR  CAP 

IMLFX 

80 

3 

240 

-195  LWR. AUX. SPAR  CAP 

-187  INTERCOSTAL 

FLTP 

6 

1 

6 

SHEAR  TO  SIZE 

TOTP 

6 

1 

6 

BRAKE  ONE  FLG 

HPFM 

18 

2 

36 

FINISH  FORM 

-189  SPAR  WEB 

SCS 

- 

SHEAR  TO  SIZE 

SKINS  (-1  ASSY) 

CKTP 

8 

6 

48 

SHEAR  FOR  4  SKINS 

FLTP 

6 

12 

72 

ROLL  CONTOUR 

SHEAR  TO  SIZE 

-203  LWR  SKIN  ASSY 

PRFX 

1 

120 

PREFIT  DETAILS 

VFBX 

1 

80 

BOND  PROCEDURE 

BNFM 

1 

240 

SAME  AS  633RA001 

-801  ASSY 

ASFX 

1 

240 

LOCATE  DETAILS, 

DRILL,  INSTALL 

FASTENERS 

2126 

TOTAL  ESTIMATED 

TOOL  MFG.  HRS. 
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TABLE  XXIV  TOOLING  SUMMARY  FOR  ANALYTICAL  ASSEMBLIES 
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9.2.1  Preliminary  Manufacturing  Plan 
for  Baseline  633-RW000 


The  manufacturing  process  for  the  baseline  design  is  defined 
in  Table  XXV  and  schematically  shown  in  Figure  114.  The  methods 
of  fabrication  are  discussed  below: 


9. 2. 1.1  Upper  and  Lower  Skin  Fabrication 

The  upper  skin  and  lower  skin  are  sculptured  plate  made  from 
2024-T851  aluminum  alloy, 

Basic  tapers  will  be  machined  on  a  numerical  control  skin  mill. 
Contour  will  be  formed  on  a  1000  ton  numerical  control  brake.  The 
skin  will  then  be  etched  and  routed  to  finish  dimensions. 


9. 2. 1.2  Spar  Fabrication 

The  wing  spars  are  all  integrally  machined  structure  made 
from  2024-T8511  aluminum  alloy  extrusions. 


9. 2. 1.3  Bulkhead  and  Rib  Fabrication 

The  bulkheads  and  ribs  are  all  integrally  machined  structure 
made  from  2024-T851  aluminum  alloy. 


9. 2. 1.4  Pivot  Fitting  Fabrication 

The  pivot  fitting  is  a  welded  assembly  containing  a  mechani¬ 
cally  attached  shear  web  (Fig.  115). 

The  welded  assembly  consists  of  an  upper  plate,  a  lower  plate, 
shear  ring,  and  shear  webs  machined  from  D6Ac  forgings  and  plate. 

The  mechanically  attached  shear  web  is  machined  from  6A1-4V 
titanium  plate. 


9. 2. 1.5  Final  Assembly  of  Wing  Box 

A  major  assembly  and  drill  fixture  commonly  known  as  a  "wing 
buck"  will  be  required  to  perform  final  assembly  operations  of  the 
box. 
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TABLE  XXV  BASELINE  633-RW000  WING  BOX  MANUFACTURING  ANALYSIS 


EQUIPMENT 

oINSTALL  UPPER  SKIN 
©INSTALL  OUTBD  SPARS, 
MISC. HARDWARE,  &  SKINS 


Figure  114  Baseline  633-RWOOO  Manufacturing  Sequence 
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Figure  115  Baseline  633-RWOOO  Pivot  Fitting  Manufacturing  Sequence 


The  fixture  will  first  be  used  to  receive 
pivot  fitting  assembly,  bulkheads,  and  spars. 


and  locate  the 


The  fixture  will  then  be  used  to  provide  a  method  for  posi¬ 
tioning,  holding,  and  locating  hole  drilling  tooling  for  drilling 
holes  common  to  the  upper  skin,  understructure,  and  lower  skin. 


Upon  completion  of  the  hole  drilling  operations  on  the  lower 
skin,  all  faying  surfaces  formed  by  the  front  and  rear  spars  will 
have  fuel  sealing  applications  and  all  understructure  will  be 
permanently  attached  to  the  lower  skin  with  taper-lok  bolts. 
Following  the  hole  drilling  operations  on  the  upper  skin,  the 
skm  is  removed  and  self-locking  nuts  are  installed  in  the  upper 
attach  surfaces  of  the  under structure.  All  faying  surfaces  formed 
by  the  front  and  rear  spars  will  then  have  fuel  sealing  appli¬ 
cations  and  all  under structure  will  be  permanently  attached  to  the 
upper  skm  with  bolts. 


9.2.2  Preliminary  Manufacturing  Plan  for  633-RW001 

manufacturing  approach  for  the  number  one  ranked  design 
is  discussed  below.  The  process  is  defined  in  Table  XXVI  and  is 
also  shown  schematically  in  Figures  116  through  126. 


9.2. 2.1  Front  and  Rear  Spar  Fabrication 

The  front  and  rear  spars  are  one-piece,  integrally  machined 
structure  made  from  a  2024-T8511  aluminum  alloy  extrusion.  Numeri¬ 
cally  controlled  milling  machines  are  used  to  pocket  and  contour 
the  spar  (Fig.  116). 


9. 2. 2. 2  Intermediate  Soar  Fabrication 

The  intermediate  spars  are  one-piece,  machined  and  chem-etched 
structure  made  from  a  2024-T8511  aluminum  alloy  extrusion. 

The  upper  caps  (flanges)  are  contour  machined  to  the  inner 
surface  of  the  upper  skin  and  machine  tapered.  The  spar  web  is 
routed  to  the  proper  depth  profile.  The  spar  web  and  diagonal 
legs  are  then  chem-etched  to  finish  dimensions. 

The  manufacturing  steps  are  shown  in  Figure  117. 
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TABLE  XXVI  633-RW001  WING  BOX  ANALYSIS 
(Page  1  of  4) 


TABLE  XXVI  633-RW001  WING  BOX  ANALYSIS 
(Page  4  of  4) 


STOCK 


Figure  116  Basic  Manufacturing  Front  and  Rear  Spars 


■Mmm 


9. 2. 2. 3  Lower  Skin  Laminates 


The  laminates  will  be  formed  from  2024-T81  aluminum  alloy 
sheet  stock,  ranging  from  .063  to  .071  inch  thickness. 

Laminates  are  to  be  sheared,  rolled  to  contour,  taper  etched, 
routed,  and  deburred  in  preparation  for  bonding  operation  (Fig.  118) . 


9. 2. 2. 4  Lower  Spar  Cap  Fabrication 

The  lower  spar  caps  are  tapered  and  stepped  "Tee"  type  struc¬ 
ture  machined  from  2024-T8511  aluminum  alloy  extrusions. 

The  lower  caps  are  contour  machined  to  the  outer  contour  of 
the  lower  wing  surface.  Numerical  control  machining  techniques 
will  be  used  to  generate  maximum  effective  metal  removal  and  ulti¬ 
mate  dimensional  control. 

The  manufacturing  steps  are  shown  in  Figure  119. 


9. 2. 2. 5  Upper  Skin  Fabrication 

The  upper  skin  is  a  one-piece  tapered  plate  containing  the 
entire  upper  surface  contour  and  machined  from  2024-T851  aluminum 
alloy. 

Basic  tapers  on  the  inside  skin  will  be  machined  on  a  numerical 
control  skin  mill.  Contour  will  be  formed  on  1000  ton  numerical 
control  brake.  The  skin  will  then  be  routed  to  finish  dimensions 
(Fig.  120). 


9. 2. 2. 6  Fabrication  of  Bulkheads  and  Ribs 

Major  bulkheads  and  ribs  may  be  fabricated  by  machining  from 
plate  or  by  machining  from  castings.  Production  quantity  and  rate 
will  determine  the  most  economical  method.  Figure  121  depicts  the 
two  methods. 


9.2.2. 7  Lower  Pivot  Plate  Fabrication 

The  lower  pivot  plate  is  a  one-piece  integrally  machined 
structure  made  from  a  2024-T851  aluminum  alloy  forging. 
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machine  TAPER  thickness 


Figure  120  Basic  Manufacturing  Upper  Skin 


The  oute^  surface  of  the  Divot  plate  is  contour  machined  to 
the  inner  surface  of  the  inboard  lower  skin  laminates.  The  inner 
surface  of  the  pivot  plate  is  machined  to  finish  dimensions. 

The  manufacturing  steps  are  shown  in  Figure  122. 

9. 2. 2. 8  Pivot  Fitting  Fabrication 

The  pivot  fitting  consists  of  an  upper  pivot  plate  shear 
nog*  root  spars,  failsafe  straps,  and  sLel  bushings 

The  upper  pivot  plate  is  a  one-piece  integrally  machine 
stTucUn-e  made  from  .  HY-180  steel  Urging.  iL  outer  surfLe 

the  upp^r  ^face?°nt0Ur  maChl"ed  C°  th£  °“ter  C°"tour  of 

a  2024hTOsn ' lJPa7  £re,  ?ntegrally  machined  structure  made  from 
a  ^U24-T8511  aluminum  alloy  extrusion. 

from  uveien11!af?  S,traps  and  bushings  are  machined  structure  made 
from  HY-180  steel  plate  and  forgings  respectively. 

9.2.2. 9  Assembly  of  Lower  Surface 

and  ioiiedato^yiCOnSlStS  °f  th£  alumln“  sheets  laminated 

,  d  to  55  lower  spar  caps  which  were  step  macnined  in 

detaii  to  provide  overlap  of  each  individual  skin  laminate  with 

cyclMFigaP  U3)Se-  ThlS  t0tal  ass™bly  ia  bonded  i„  £nd 


9,2,2,1°  Assembly  of  Lower  Surface  and  Lower  Pivot  PlatP. 

assembly  consists  of  the  laminated  lower  skin  panel 
(  sheets /spar  caps)  joined  to  the  lower  pivot  plate  (Fig.  124) 
s  assembly  as  bonded  as  a  secondary  operation  to  the  bonding 
operation  described  in  paragraph  9 . 2 . 2 . 9 .  ® 


229 


S  M 
|  9 

i  s 

8  9 


Figure  124  Secondary  Manufacturing  Lower  Skin  Panel  &  Lower 
Pivot  Plate  Adhesive  Bonded  Assembly 


9.2.2.11  Final  Assembly  of  Wing  Box 


A  major  assembly  and  drill  fixture  commonly  known  as  a  "wing 
buck"  will  be  required  to  perform  final  assembly  operations  of  the 
box. 


The  fixture  will  first  be  used  to  receive  and  locate  the 
basic  lower  skin  panel  assembly,  pivot  fitting,  bulkheads,  and 
spars.  The  fixture  will  then  be  used  to  provide  a  method  of 
positioning,  holding,  and  locating  hole  drilling  tooling  for 
drilling  holes  common  to  the  upper  skin,  under structure,  and 
lower  skin. 

Upon  completion  of  the  hole  drilling  operations  on  the  lower 
skin  and  under  structure  all  faying  surfaces  formed  by  the  front 
and  rear  spars  will  have  fuel  sealing  applications  and  all  under¬ 
structure  will  be  permanently  attached  to  the  lower  skin  with 
bolts  (Fig.  125).  Following  the  hole  drilling  operation  on  the 
upper  skin  all  faying  surfaces  formed  by  the  upper  skin  will  have 
fuel  sealing  applications  and  all  understructure  will  be  perma¬ 
nently  attached  to  the  upper  skin  with  blind  fasteners  (Fig.  126). 


9.2.3  Preliminary  Manufacturing  Plan  for  633-RW003 

The  manufacturing  approach  for  the  composite  wing  design  is 
discussed  below.  The  processes  are  shown  schematically  in 
Figures  127  through  131. 


9. 2. 3.1  Front  and  Rear  Spar  Fabrication 

The  front  and  rear  spars  are  made  of  graphite/epoxy  material 
with  fiberglass  material  for  the  upper  cap  sealing  grooves.  The 
spars  are  manufactured  by  draping  machine-layed,  "dinked-out" 
pieces  into  a  hard  female  tool  and  cured  with  a  male  rubber  punch 
in  place.  In  this  manner,  skin/spar  cap  faying  surface  geometry 
can  be  well  maintained  (Fig.  127). 


9. 2. 3. 2  Intermediate  Spar  Fabrication 

The  intermediate  spars  are  made  of  graphite/epoxy  material 
and  nomex  cloth  material  with  chopped  fiberglass /epoxy  pre-cast 
material  for  the  lower  skin  transition  members.  The  spars  are 
machine-layed,  "dinked-out",  and  draped  over  the  tool  and  cured 
(Fig.  128). 
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9 . 2 . 3 . 3  Fabrication  of  Bulkheads 


The  bulkheads  are  made  of  graphite/ epoxy  material.  The 
bulkheads  are  made  by  draping  machine-layed,  "dinked-out"  pieces 
into  a  hard  female  tool  and  cured  with  a  male  rubber  punch  in 
place  to  maintain  outer  surface  contour. 


9. 2. 3.4  Fabrication  of  Closure  Bulkhead 

_  The  closure  bulkhead  is  a  one-piece,  machined  casting  made 
from  A356-T6  aluminum  car, ting  alloy. 


9. 2. 3. 5  Pivot  Fitting  Fabrication 

The  pivot  fitting  consists  of  upper  and  lower  skin  transition 
doublers,  a  shear  fitting,  root  spars,  and  steel  bushings. 

The  upper  and  lower  skin  transition  doublers  are  machined 
structure  made  from  6A1-4V  Beta  annealed  titanium.  The  outer 
surfaces  of  the  doublers  are  contour  machined. 


The  shear  fitting  is  a  one-piece  integrally  machined  struc¬ 
ture  made  from  6A1-4V  Beta  annealed  titanium. 

/«he  root  8Pars  are  integrally  machined  structure  made  from 
6A1-4V  Beta  annealed  titanium. 


The  bushings  are  machined  structure  made  from  17-4PH  steel 
forgings . 


9. 2. 3.6  Assembly  of  Upper  Skin 

The  upper  skin  is  a  bonded  assembly  consisting  of  a  graphite/ 
epoxy  skin  and  machined  titanium  transition  doublers  (Pivot  Area). 

e  graphite/ epoxy  skin  material  is  layed-up  (machine -layup)  and 
co-cured  with  the  transition  doublers  (Fig.  129).  It  is  assumed 

that  the  machine-layup  of  the  graphite /epoxy  material  requires  no 
pre-bleeding. 


9*2*3*7  Assembly  of  Lower  Skin  and  Intermediate  Spars 

The  lower  skin  is  a  bonded  assembly  consisting  of  a  graphite/ 
epoxy  skin,  the  intermediate  spars,  and  machined  titanium  transi¬ 
tion  doublers  (Pivot  Area).  The  skins'  graphite/epoxy  outer  plies 
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Figure  129  Secondary  Manufacturing  Upper  Skin  Bonded  Assembly 


are  first  layed-up  (machine -layup)  and  draped  and  the  intermediate 
spars  located.  The  skins'  inner  plies  are  then  layed-up  and  draped 
and  the  entire  lower  skin  assembly  is  co-cured.  It  is  assumed 
that  the  machine-layup  of  the  graphite/ epoxy  material  requires  no 
pre-bleeding;  i.e.,  the  graphite/epoxy  tape  is  "net  material". 


9. 2. 3. 8  Final  Assembly  of  Wing  Box 

A  major  assembly  and  drill  fixture  commonly  known  as  a  "wing 
buck"  will  be  required  to  perform  final  assembly  operations  of 
the  box. 

The  fixture  will  first  be  used  to  receive  and  locate  the 
basic  lower  skin  panel  assembly  and  under structure  (pivot  fitting, 
bulkheads,  and  front  and  rear  spars).  The  fixture  will  then  be 
used  to  provide  a  method  of  positioning,  holding,  and  locating 
hole  drilling  tooling  for  drilling  holes  common  to  the  upper  skin, 
under structure,  and  lower  skin  assembly. 

Upon  completion  of  the  hole  drilling  operations  on  the  lower 
skin  and  under  structure  all  faying  surfaces  formed  by  the  front 
and  rear  spars  will  have  fuel  sealing  applications  and  all  under¬ 
structure  will  be  permanently  attached  to  the  lower  skin  with 
bolts  (Fig.  130).  Following  the  hole  drilling  operation  on  the 
upper  skin  all  faying  surfaces  formed  by  the  upper  skin  will  have 
fuel  sealing  applications  and  all  under structure  will  be  permanentl 
attached  to  the  upper  skin  with  blind  fasteners  (Fig.  131). 
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Secondary  Manufacturing  Final  Assembly  Upper  Skin  and  Understructure 


SECTION  X 


CONCLUS  IONS 

The  overall  goal  of  the  program  was  to  establish  the  appli¬ 
cability  and  payoffs,  in  terms  of  acquisition  cost  and  weight,  of 
innovative  structural  concepts  to  a  variable  camber  supercritical 
wing  box  configuration.  The  program  has  met  this  goal  by  develop 
ing  preliminary  designs  that  provide  cost  savings  up  to  12.37.  and 
weight  savings  up  to  277.. 


10.1  COST  EVALUATIONS 


Preliminary  design  configurations  were  developed  and  analyzed 
that  produce  the  following  results: 

c33RW001  12.37.  savings 


633RW002  10.77.  savings 


633RW003 


297.  increase  for  Vendor  A 
13.97.  increase  for  Vendor  B 
4.47.  increase  for  $20 /Lb 


See  para¬ 
graph  10.1.2 
&  Table  XX Vm 


The  two  metallic  configurations  produce  a  cost  savings  while  the 
composite  configuration  gives  a  cost  increase.  Detailed  exami¬ 
nation  of  the  items  that  make  up  the  cost  for  the  composite  box 
as  compared  to  the  baseline  is  shewn  in  Table  XXVII.  It  is  evident 
from  this  table  that  the  total  cost  for  the  composite  design  is 
dominated  by  the  material  cost. 


10.1.1  Factors  That  Influence  Costs 

The  costs  shown  in  Table  XXVH  above  were  derived  by  the  Fort 
Worth  Plant  Industrial  Engineering,  Tooling,  Material,  and  Division 
Estimating  Departments.  The  costs  used  in  this  section  are  those 
defined  by  the  groundrules  listed  in  Section  VIII  and  excludes  pro¬ 
fit.  The  numbers  for  1980  year  dollars  reflect  the  professional 
opinions  of  the  estimating  personnel  in  these  departments  with 
regard  to  the  effect  that  certain  economic  factors  will  have  on 
wing  box  prices  in  1980  year  dollars.  The  economic  factors  con¬ 
sidered  to  be  most  significant  in  increasing  costs  are:  in-house 
labor  rates,  vendor  labor  rates,  transportation,  energy  cost 
changes,  and  general  economic  inflation.  Significant  decreasing 
costs  at  the  Fort  Worth  Plant  are:  diminishing  overhead  and  admis- 
istrative  costs,  learning,  technology  advancement  and  production 
quantity  increases.  It  should  be  noted  however,  that  all  of  the 
designs  costed  were  estimated  by  applying  the  same  procedure  to 
each  design. 


243 


General  Dynamics  recognizes  that  other  assumptions  could 
have  been  made  in  predicting  the  1980  prices,  particularly  in  the 
area  of  composite  materials. 


10.1.2  Composite  Material  Costs 

The  cost  of  the  composite  material  was  based  upon  $.95  per 
foot  for  3  inch  tape  in  1975  dollars  ($66. 50/lb).  The  projection 
for  1980  used  a  basic  tape  cost  of  $.55  per  foot  in  1575  dollars 
(38.50/lb).  Currently,  there  are  other  sources  of  material  that 
are  not  qualified  to  our  specification  but  that  may  meet  our 
requirements  in  the  future.  One  of  these  materials,  (designated 
as  Vendor  "B"  in  Table  XXVIII)  is  quoted  at  about  3/4  the  cost  in 
1980  of  our  qualified  material.  Another  popular  figure  being 
quoted  by  many  for  the  1980  cost  is  $20  per  pound.  In  light  of 
these  variations  in  predictions  the  cost  of  the  633RW003-3  con¬ 
figuration  using  these  various  estimates  is  shown  in  Table  XXVIII. 


10.1.3  Other  Costs 

A  breakdown  of  the  total  material  costs  for  each  of  the  pre¬ 
liminary  designs  is  shown  in  Table  XXIX.  It  is  evident  from 
this  table  that  the  increased  cost  of  the  633RW003  design  is  not 
entirely  due  to  the  composites.  Part  of  the  cost  increase  can  be 
attributed  to  the  titanium  pivot  fitting  that  was  used  to  be  able 
to  get  the  27%  weight  savings.  A  bolted  steel  fitting  would  have 
yielded  a  better  cost  picture,  however,  the  weight  savings  would 
not  have  been  outstanding.  It  would  have  been  desirable  to  have 
conducted  a  study  of  a  steel  bolted  configuration  in  order  to  have 
established  the  boundaries  of  the  designs  for  maximum  weight  savings 
and  the  minimum  cost  composite  designs. 

A  comparison  of  the  fabrication  hours  for  each  of  the  prelimi¬ 
nary  designs  is  shown  in  Table  XXX.  This  table  shows  that  there 
is  a  reduction  in  factory  manhours  for  the  composite  design  over  the 
metallic  designs. 


10.2  WEIGHT  EVALUATIONS 

The  preliminary  design  configurations  all  saved  weight  over 
the  baseline  as  follows: 

633RW001  15% 

633RW002  12% 

633RW003  27% 
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633Rwnn?  fi  -i  •beCI“e  apparent  durin8  tl»e  program.  The 
33RW003  canposite  wing  box  indicated  a  potential  of  approximately 

40/c  savings  in  the  analytical  assembly  phase.  When  trying  to  7 

splice  this  wing  into  the  existing  wing  pivot  fitting,  much  of  the 

the8a^«ahln8^  TS  8°ing  t0  dissaPPeflr.  The  importance  of  tailoring 
the  attachment  for  the  structural  concept  was  clear;  therefore  a  8 

savings**  fittlng  was  desi8ned  and  evaluated  for  cost  and  weight 

A  second  important  item  is  that  while  the  composite  concepts  do  not 
rank  above  the  baseline  by  using  the  merit  rating  system  it  does 

basis  “tSJTSS6  ri8tVaVin8S  °n  "  d°Uar  Par  pound  savings 
materials  potential  for  the  various  composite 


10.3  FINAL  EVALUATION  SUMMARY 

As  part  of  the  groundrules  of  the  program  all  designs  were 
evaiuated  by  the  merit  rating  system.  The  design  that  provides 

2**2  bala"Je  °!  all  5he  Priorities  established  by  this  system 
is  to  be  considered  the  best  design.  The  concept  chosen  using 

Wn IV TlS  <  thf  633RW001‘  This  configuration  has  a  bonded 
laminated  aluminum  lower  skin,  etched  aluminum  "Y"  intermediate 

spars,  machined  aluminum  front  &  rear  spars,  straight  tapered 
aluminum  upper  skin,  and  a  10  Ni  fail  safe  wing  pivot  fitting.  It 
is  our  recommendation  at  this  point  that  we  proceed  into  a  "proof 
of  concept  test  program  as  outlined  in  Appendix  D.  P 
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APPENDIX  A 


DESIGN  LOADS  DATA 
FOR  THE 

VARIABLE  CAMBER  SUPERCRITICAL 
WING  PROGRAM 


i 


1 
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Abstract 


Preliminary  design  loads  data  are  presented  for  conceptual  design 
?  ^Percritical  wing  with  leading  and  trailing  edge  variable 
®2Jb?r  ?eYices*  JT(le  baseline  wing  is  Advanced  Transonic  Wing 

n^n^’finte8rtted  1?to  ?  stucJy  configuration  of  the  FB-111  air- 
P  or  a  strategic  mission.  The  preliminary  design  conditions 

are  presented  with  criteria  used  to  establish  condition  parameters. 
f  discussion  of  basic  data  and  analysis  procedures  is 

included.  Static  design  loads  distributions  and  related  data 
are  presented  for  design  of  the  wing  box  and  leading  and  trailing 
edge  variable  camber  devices.  The  final  section  presents  a  8 
atigue  loads  spectrum  of  wing  bending  moment  and  the  data  for 
developing  fatigue  loads  spectra  for  the  variable  camber  devices. 
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appendix  a 

DESIGN  LOADS  DATA 


A.  I  BASELINE  WING  GEOMETRY 

The  baseline  wing  used  for  this  data  package  is  Advanced  Transonic 
Wing  ATW-4  as  configured  for  a  strategic  mission  aerodynamic  and 
performance  evaluation  in  Reference  1.  The  leading  and  trailing 
edge  variable  camber  surface  hinge  lines  were  taken  along  the 
reference  wing  15  and  65  percent  chord  lines  respectively.  A 
load  reference  axis  was  taken  along  the  reference  wing  33.64  per¬ 
cent  chord  line  passing  through  the  wing  pivot  center.  The 
reference  wing  geometry  is  shown  in  the  Figure  A.l 


TIP  EXPOSED 

B.L,  475  ROOT  @  B.L.  103.51 


Figure  A.l  Wing  Geometry 
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A.  2  PRELIMINARY  DESIGN  CONDITIONS 


deve  1  opec^are^res  en  tec^in^Tabl  e  ft1*1-*  data>™  b«" 
to  be  representative  of  likely  hieh  load6*6  ^ondicions  are  thought 


Table  A-I  -  Preliminary  Design  Conditions 


Description 

1 

Take¬ 

off 

1A 

Take¬ 

off 

2 

i  Dash 

3 

Refuel 
(S  yin.  Man  J 

4 

Refuel 

CtolJL  Control) 

Wing  Sweep,  Deg. 

16 

16 

65 

16 

16 

Mach  No. 

.35 

.51 

.85 

.80 

.80 

Altitude,  Ft. 

Gross  Weight,  Lbs. 

SL 

128,500 

SL 

128,500 

SL 

110,400 

20,000 

110,400 

20,000 

110,400 

Center  of  Gravity,  Xc 

- 

- 

36.4 

25.14 

25.14 

Angle  of  Attack,  Deg/C) 

- 

- 

10.78 

6.68 

4.8 

Load  Factor,  g's 

2.0 

(Fig. 12) 

3.0 

2.6 

1.9 

L.E.  Deflection,  Deg.(a) 

20.0 

20.0 

12.5 

4.0 

10.0 

T.li.  Deflection,  Deg.(a) 

15.0 

7.5 

-3.1  1 

3.5 

3.5+5.0<b) 

(a)  Plus  sign  is  for  surfaces  deflected  downward. 

(b)  Linear  variation  0°  at  root  to  +  5°  at  tip. 

(C)  wh?chrhasWat?  d!*pect  c°  the  manufacturing  chord  plane 
reference  aVr^X6.1"011™10"  C°  tha 


A. 3  CRITERIA 


A. 3.1  Maneuver  Load  Factor 

The  general  approach  was  to  establish  limit  maneuver  load 
tactor  for  each  condition  based  either  on  wing  carry-through 
box  allowable  load  limits  or  on  a  desired  maneuver  capability 
goal.  The  carry-through  box  allowable  load  limits  for  the 
F-111A  series  airplanes  were  used.  The  following  symmetric 
maneuver  capability  goals  were  established: 

(a)  Take-off  and  Landing  Conditions;  ■  2.0g 

(b)  All  Other  Conditions;  nz  ■  3.0g 

Asymmetric  maneuver  load  factor  goals  are  equal  to  l.Og  +  2/3 
(n2  symmetric  -  1.0). 

As  shown  on  Table  A-I  the  maneuver  load  factor  goals  were 
achieved  for  conditions  1  and  2,  while  the  load  factors  for 
conditions  3  and  4  are  somewhat  less  than  the  goals  (3.0g 
for  condition  3  and  2.33  g  for  condition  4).  The  analysis 
resulting  in  lower  maneuver  load  factors  is  conservative 
having  been  based  on  linear  aerodynamic  theory  and,  very 
likely,  conservative  trailing  edge  camber  settings. 

A. 3.2  Airplane  Weight  and  Balance 

Airplane  gross  weight  and  center  of  gravity  values  are  based 
on  a  GD/FW  procedure  R5C  weight  study  for  the  FB-111F  with  the 
ATW-4  wing,  dated  5-30-75.  The  fuel  burn  sequence  used 
assumes  that  wing  fuel  is  used  first.  Wing  net  loads  for 
gross  weights  with  and  without  wing  fuel  were  checked  for 
relative  criticalness  to  establish  design  maneuver  load 
factor  levels.  As  a  result,  the  gross  weight  used  for 
conditions  2,  3,  and  4  on  Table  A-Iis  for  wing  tanks  empty  of 
fuel  (produces  the  lowest  allowable  maneuver  load  factor) . 

Full  wing  tanks  was  assumed  for  the  take-off  condition.  The 
design  gross  weight  for  this  condition  is  set  somewhat  greater 
than  the  maximum  from  procedure  R5C  in  order  to  develop  net 
wing  pivot  loads  at  2.0  g's  load  factor  wt  ich  are  equal  to 
the  carry-through  box  allowable  load  limits.  The  design 
center-of-gravity  was  set  at  1.5  percent  M.A.C.  forward  of 
the  actual  location. 
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A. 3. 3  Variable  Camber  Settings 

The  leading  and  trailing  edge  variable  camber  surface  deflec¬ 
tion  angles  used  for  developing  airload  distributions  are 
preliminary  estimates  of  l.Og  trim  flight  camber  settings  for 
optimum  performance.  These  l.Og  trim  camber  settings  were 
also  assumed  to  be  held  constant  during  maneuvering  flight 
conditions.  Leading  and  trailing  edge  deflections  are 
measured  as  illustrated  below. 


DEFLECTIONS  WITH  RESPECT 
TO  THE  BASIC  SECTION 


Endpoints  and  vertices  of  the  chordal  angle  reference  lines 
are  located  on  the  mean  camber  line(s).  The  chordal  angles 
specified  are  for  the  wing  in  the  reference  position  (i.e., 
16  degrees  leading  edge  sweep  angle). 

The  trailing  edge  trim  camber  setting  used  for  Conditions  3 
and  4  is  most  likely  conservative  for  structural  loads. 

A  constant  deflection  angle  of  3.5  degrees  was  assumed  along 
the  span  for  these  conditions.  A  more  likely  deflection 
schedule  would  have  a  linearly  varying  angle  along  the  span, 
i.e.,  3.5  degrees  at  the  inboard  end  to  0.0  degrees  at  the 
outboard  end. 


A. 3.4  Thermal  Criteria 

Static  strength  properties  of  external  structure  shall  be 
established  taking  into  consideration  the  effects  of  56 
total  hours  exposure  at  2.0  Mach  number  at  35,000  feet 
altitude. 
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A  4  PROCEDURES  AND  BASIC  DATA 


Analyses  required  to  evaluate  the  relative  criticalness  of  the 
complete  operational  loads  environment  were  beyond  the  intended 
scope  of  this  program.  Therefore,  the  critical  structural  design 
loads  conditions  for  the  ATW-4  wing  box  and  var  able  camber 
devices  were  postulated  based  on  past  supercritical  wing  design 
studies  (B-l/Wll  wing  and  F-lll/TACT  wing),  and  preliminary  usage 
criteria  for  the  variable  camber  system.  The  conditions  selected 
are  summarized  in  Table  A-I.  Preliminary  design  loads  were  not 
developed  for  supersonic  flight  conditions  based  on  the  following 
considerations : 

1.  The  B-l/W-11  wing  box  supersonic  condition  was 
considerably  less  critical  than  subsonic  flight 
conditions. 

2.  Lifting  surface  leading  edge  airloads  for  supersonic 
flight  conditions  are  typically  of  smaller  magnitude 
than  loads  for  subsonic /transonic  conditions. 

3.  Expected  use  of  the  variable  camber  system  for  trim 
control,  while  configured  to  aft  wing  sweep  positions, 
results  in  relatively  low  net  differential  pressure 
load  normal  to  the  trailing  edge  variable  camber 
surface. 

Wing  local  pressure  distributions  are  strongly  influenced  by 
variable  camber  settings  (deflection  angles),  and  thereby, 
unique  load  distributions  are  produced  at  any  given  flight 
condition.  Geometric  simularity  (supercritical  wing  planform 
and  flap  settings)  of  the  low  speed  high  lift  configurations 
enabled  the  development  of  preliminary  design  loads  data  for 
the  ATW-4  wing  conditions  1  and  1A  by  scaling  load  distributions 
which  were  available  from  the  B-l/W-11  wing  design  study  program. 
Equations  used  for  scaling  airloads  accounted  for  effects  of 
differences  in  wing  area,  span,  wing  loading,  exposed  wing  root 
location,  pivot  location,  etc.  The  flight  conditions  for  the 
ATW-4  configuration  conditions  1  and  1A  were  established  at  a 
higher  Mach  number  and  dynamic  pressure  than  used  for  the 
corresponding  B-l/Wll  conditions  due  to  a  slightly  higher  wing 
loading.  Using  this  approach,  airplane  trim  angles  of  attack 
were  not  predicted  to  develop  the  ATW-4  wing  data;  therefore, 
values  are  not  given  for  angle  of  attack  in  Table  A-I  for 
conditions  1  and  1A. 


264 


Variable  camber  settings  cause  the  load  distributions  for 
conditions  2,  3  and  4  to  be  unique  for  the  ATW-4  wing; 
therefore,  the  required  data  for  these  conditions  were  developed 
using  theoretical  prediction  techniques.  Rigid  airframe  pressure 
distributions  and  airplane  force  data  (lift  and  pitching  moment) 
were  predicted  using  the  finite  element  theo.y  and  procedures 
presented  in  Reference  2.  In  addition  to  basic  camber  and  angle 
of  attack  data,  pressure  distributions  and  force  data  were  also 
predicted  for  leading  and  trailing  edge  variable  camber  deflec¬ 
tions.  These  rigid  aerodynamic  data  were  corrected  for  static 
aeroelasticity,  based  on  preliminary  estimates  of  wing  box 
structural  stiffness  (El  and  GJ  distributions),  using  the  pro¬ 
cedure  described  in  Reference  3.  The  resulting  flexible  aero¬ 
dynamic  data  were  used  to  determine  trim  airplane  angle  of  attack 
and  to  build  up  wing  airload  distributions. 

Spanwise  load  distribution  data  are  presented  with  respect  to 
the  load  reference  axis  (LRA)  as  shown  in  Figure  1.  This  implies 
local  strip  loads  are  on  chords  oriented  perpendicular  to  the  LRA. 
The  wing  basic  aerodynamic  distribution  data  (local  pressure,  c£ 
and  cm)  were  predicted  for  streamwise  chords.  As  an  expediency 
in  developing  design  load  distributions  for  the  conditions  having 
16  degrees  wing  sweep  (conditions  3  and  4),  it  was  assumed  that 
local  streamwise  aero  data  at  given  span  stations  could  be  applied 
to  chords  oriented  perpendicular  to  the  LRA  at  that  station. 

This  assumption  is  invalid  for  higher  wing  sweep  conditions. 
Therefore,  for  condition  2,  streamwise  pressures  were  interpolated 
onto  the  exposed  wing  panel  (i.w. ,  outboard  of  B.L.  103.51)  chords 
oriented  perpendicular  to  the  ,RA.  This  accounts  for  the  truncated 
appearance  of  the  chordwise  prersure  distributions  inboard  of 
.4738  ETA  for  condition  2. 
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A. 5  DESIGN  LOADS  DATA 


Preliminary  design  loads  data  for  the  wing  box  and  variable  camber 
surfaces  are  presented  on  the  figures  which  follow.  All  loads  data 
are  design  limit  values.  Data  presented  are  summarized  below; - 


Figure  Number 

Data 

A. 2 

Loads 

Reference  Axis  and  Sign  Convention 

A. 3  and  A. 4 

Wing  Unit  Inertia  Distributions 

A. 5  thru  A. 14 

Loads 

Data  for  Condition  1 

A. 15 

Loads 

Data  for  Condition  1A 

A. 16  thru  A. 27 

Loads 

Data  for  Condition  2 

A. 28  thru  A. 43 

Loads 

Data  for  Condition  3 

A. 44  thru  A. 58 

Loads 

Data  for  Condition  4 

Loads  data  for  Conditions  1,  2,  3  and  4  consist  of: 

(1)  Wing  spanwise  shear,  bending  moment  and 
torsion  distributions. 


(2)  Leading  and  trailing  edge  camber  surface  loaus. 

(3)  Chordwise  pressure  distributions. 

(4)  Non-dimensional  aerodynamic  wing  span  load 
distributions  for  panel  local  lift  force 
and  torsion. 

Loads  data  for  condition  1A  (see  Figure  A-12)  consist  of  one 
distribution  each  for  the  leading  edge  and  trailing  edge 
variable  camber  surfaces.  Comparable  conditions  are  included 
in  the  B-l/W-11  data  package.  This  condition  was  not  critical 
for  W-ll  wing  box  design,  therefore,  the  associated  ATW-4  wing 
box  spanwise  load  data  were  not  developed  for  this  design  loads 
package. 
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Some  of  the  structural  loads  data  presented  are  obviously  not 
critical  for  determining  structural  static  strength.  For  example 
the  trailing  edge  flap  load  for  condition  2  is  quite  low  compared’ 
with  other  conditions.  In  this  case,  the  flap  is  used  to  augment 
airplane  trim  (i.e.,  the  surface  is  deflected  up  from  the  basic 
position)  and  thereby  produces  a  tendency  to  washout  the  usually 
dominant  local  pressures  from  basic  camber,  as  evidenced  by  the 
net  chordwise  pressure  distributions.  The  flap  load  for  this 
condition  is  included  in  this  report  for  use  in  development  of 
variable  camber  surface  fatigue  loads  spectra. 
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NOTES: 

(1)  RIGHT  HAND  RULE  FOR  MOMENT  VECTORS 

(2)  LRA  -  LOAD  REFERENCE  AXIS 

(3)  Alra  =  12.301°  WHEN  ALE  -  16° 

(4>  T7LRA  =  YlRA/414.21 

(5)  LOCAL  CHORD  1  TO  LRA:  C  =  142.836  -  81.919  r) 

(6)  AVG  CHORD  1  TO  LRA:  CaVG  -  101.876  IN. 

(7)  S/2  =  (LRA)  X  CaVG  =  293.042  FT2 

144 


Figure  A. 2  Sign  Convention  and  Reference  Axis  for 
Wing  Loads  -  ATW-4  Wing 


^LRA 


Figure  A. 3  ATW-4  Wing  Structure  Inertia  Shear  and 
Bending  Moment  Distributions  (Nz  -  l.Og) 
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NOTES 


1 .  FULL  TANKS 

2.  INERTIA  TORSION  ABOUT  LRA  -  0 


BENDING  MOMENT 


A, 5.1  Condition  1  -  Take-Off  with  Full  Flaps 


Figures  A. 5  through  A. 14  define  preliminary  design  loads  for 
condition  1,  take-off  with  full  flaps. 


BENDING 


Figure  A.  6  ATW-4  Wing  Bending  M 
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NOTE;  FOR  STRUCTURAL  DESIGN 
SCALE  DISTRIBUTION  BY  .918 
TO  MEET  F-111A  CTB  LIMIT 
STRENGTH. 


Figure  A. 7  ATW-4  Wing  Torsion  Distribution  -  Condition  1 


RUNNING  LOAD,  w,  L*S/IN.  RUNNING 
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NORMAL  LOAD 


TRAILING  EDGE 


NORMAL  LOAD 


16° 
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SL 

128,500  LBS 
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Figure  A. 8  ATW-4  Wing  Leading  and  Trailing  Edge 
Flap  Running  Loads  -  Condition  1 
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NOTES : 
1. 


SCALE  DISTRIBUTIONS  BY  .918  TO 
MEET  F-111A  CTB  LIMIT  ALLOWABLE 

(psi)  -  1.26ACp 
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AC. 


AC. 


NOTES : 

1.  SCALE  DISTRIBUTIONS  BY  .918  TO  MEET 
F-111A  GTB  LIMIT  ALLOWABLE 
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Figure  A.  10  ATW-4  Wing  Chordvd.se  Pressure  Distributions 
for  .251  and  .369  ETAj^  -  Condition  1 
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NOTES : 

1.  SCALE  DISTRIBUTIONS  BY  .917  TO  MEET 
F-111A  CTB  LIMIT  ALLOWABLE 

2.  Ap  (PSI)  -  1 . 26ACp 
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Figure  A. 11  ATW-4  Wing  Chordwise  Pressure  Distributions 
for  .485  and  .603  ETALRA  -  Condition  1 
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SCALE  DISTRIBUTIONS  BY  .918  TO  MEE 
F-111A  CTB  LIMIT  ALLOWABLE 
Ap  (psi)  ■  1.26ACp 
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ATW-4  Wing  Chordwise  Pressure  Distributions 
for  .818  and  .940  ETA,  -  Condition  1 
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Figure  A. 13  ATW-4  Wing  Local  Lift  Spanvise  Distribution  -  Condition 
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Figure  A-14  ATW-4  Wing  Local  Torsion  Spanwise  Distribution  -  Condition 


A. 5. 2  Condition  1A  -  Take-Off  with  Half  Flaps 


Figure  A. 15  shows  the  wing  leading  and  trailing  edge  running 
loads  for  the  take-off  condition  with  half  flaps.  This  con¬ 
dition  is  not  critical;  therefore,  the  chordwise  pressure 
distributions  were  not  plotted. 
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RUNNING  LOAD,  w,  LBS/IN.  RUNNING  LOAD,  w,  LBS/IN 
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Figure  A.  15  ATW-4  Wing  Leading  and  Trailing  Edge  Flap 
Running  Loads  -  Condition  1A 
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A. 5. 3  Condition  2  -  Dash 


Figure  A. 16  through  A. 27  define  preliminary  design  loads  for 
condition  2,  the  sea  level  dash  condition. 
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Figure  A.  16  ATW-4  Wing  Shear  Distribution  -  Condition  2 
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Figure  A. 17  ATW-4  Wing  Bending  Moment  Distribution  -  Condition  2 
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Figure  A.  18  ATW-4  Wing  Torsion  Distribution  -  Condition  2 
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Figure  A.  19  ATW-4  Wing  Leading  and  Trailing  Edge  Flap 
Running  Loads  -  Condition  2 
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DISTRIBUTIONS  ARE  TRUNCATED  @  INTERCEPT 
OF  EXPOSED  WING  CHORDS  (-L  TO  LRA)  WITH 
EXPOSED  PANEL  ROOT  CHORD  LINE  (B.L.  103 

Ap  (psl)  ■  7.43  ACp 


TRUNCATED 
@  .369  X/C 


ATW-4  Wing  Chordwise  Pressure  Distributions  for 
.0842  and  .1881  ETAtda  -  Condition  2 
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Figure  A. 22  ATW-4  Wing  Chordwise  Pressure  Distributions  for 
.4738  and  .550  ETA^^  -  Condition  2 


NOTE 


Figure  A. 24  ATW-4  Wing  Chordwise  Pressure  Distributions  for 
.850  and  .900  ETAlra  "  Condition  2 


NOTE: 


Figure  A-26  ATW-4  Wing  Local  Lift  Spanwise  Distribution  -  Condition 
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Figure  A. 27  ATW-4  Wing  Local  Torsion  Spanwise  Distribution  -  Condition 


A. 5.4  Condition  3  -  Refuel  with  Symmetrical  Maneuver 


Figures  A. 28  through  A. 43  define  the  preliminary  design 
loads  for  the  refuel  mission  segment  with  symmetrical 
maneuver  loads  applied. 
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Figure  A. 28  ATW-4  Wing  Shear  Distribution  -  Condition  3 
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IN-LBS  X  10" 
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WING  TANKS  EMPTY 


l 

H 


Figure  A. 30  ATW-4  Wing  Torsion  Distribution  -  Condition  3 
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NOTES : 


Xcp  DISTANCE  FWD.  OF  .15C  FOR 
L.E.  FLAP  C.P. 

DISTANCE  AFT  OF  .65C  FOR 
T.E.  FLAP  C.P. 

CF  IS  LOCAL  FLAP  CHORD 


A  -  16° 

M  -  .80 

ALT  =  20,000  FT. 
GW  -  110,400  LBS. 
nZ  *  2*6g 
§LE  =  4° 


Figure  A. 31 
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ATW-4  Wing  Leading  and  Trailing  Edge  Flap 
Running  Loads  -  Condition  3 
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Figure  A. 32  ATW-4  Wing  Chordwise  Pressure  Distribution  for 
.123  ETAj^  -  Condition  3 
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ATW-4  Wing  Chordwise  Pressure  Distribution  for 
.213  ETAtda  -  Condition  3 
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Figure  A. 33  ATW-4  Wing  Chordwise  Pressure  Distribution  for 
.443  ETAlr^  -  Condition  3 
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Figure  A. 38  ^™"4  ^ing  Chordwise  Pressure  Distribution 
for  .784  ETAlra  -  Condition  3 
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Figure  A. 39  ATW-4  Wing  Chordwise  Pressure  Distribution 
for  .845  ETAlra  -  Condition  3 
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Figure  A.40  ATW-4  Wing  Chordae  Pressure  Distribution 
or  .yu/  E1Alra  -  Condition  3 
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Figure  A. 41  ATW-4  Wing  Chordwise  Pressure  Distribution 
for  .968  ETAlj^  -  Condition  3 
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NOTES 
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Figure  A. 43  AIW-4  Wing  Local  Torsion  Spanwise  Distribution  -  Condition 


A. 5. 5  Condition  4  -  Refuel  with  Roll  Maneuver 


Figures  A. 44  through  A. 58  define  the  preliminary  design  loads 
for  the  refuel  mission  segment  with  roll  maneuver  loads 
applied. 
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Figure  A. 45  ATW-4  Wing  Bending  Moment  Distribution  - 
Condition  4 
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Figure  A. 46  ATW-4  Wing  Torsion  Distribution 
Condition  4 
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Figure  A. 48  ATW-4  Wing  Chordvd.se  Pressure  Distribution  for 
.123  ETALj^  -  Condition  4 
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Figure  A. 51  ATW-4  Wing  Chordwise  Pressure  Distribution  for 
.443  ETAjj^  -  Condition  4 
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Figure  A. 53  ATW-4  Wing  Chorduise  Pressure  Distribution 
.690  ETA.„4  -  Condition  4 
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Figure  A. 54  ATW-4  Wing  Chordwise  Pressure  Distribution  for 
.845  ”  Condition  4 
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Figure  A.  55  ATW-4  Wing  Chordwise  Pressure  Distribution  for 
.907  ETAlra  -  Condition  4 
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LOCAL  LIFT  ON  CHORDS  X  TO  LRA 


Figure  A. 57  ATW-4  Wing  Local  Lift  Spanwise  Distribution  -  Condition 
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Figure  A. 58  ATW-4  Wing  Local  Torsion  Spanwise  Distribution  -  Condition 


A. 6.0  FATIGUE  LOADS  SPECTRA 


A. 6.1  Wing  Box 

The  spectrum  of  wing  bending  moment  is  presented  in 
Table  A- II  (2  pages)  .  This  spectrum  is  based  on  the  B-l 
flight -by-flight  composite  mission  analytic  wing  bending 
moment  spectrum.  ATW-4  wing  bending  moments  are  used 
in  lieu  of  B-l  wing  values.  Also,  the  percent  of 
condition  max/min  values  for  load  steps  9  through  15 
and  33  were  adjusted  upward.  This  was  done  because  the 
magnitude  of  the  ATW-4  wing  l.Og  bending  moment,  expressed 
in  terms  of  percent  design  limit  bending  moment  of  baseline 
condition  3,  is  higher  than  the  corresponding  percentage 
ratio  for  the  B-l  wing.  Therefore,  the  upward  adjustment 
of  cyclic  peaks  provides  a  more  reasonable  distribution 
of  the  bending  moment  spectrum  with  respect  to  the  l.Og 
bending  moment.  The  column  headed  "BMp/BM(68")"  is  the 
ratio  of  wing  net  bending  moment  at  the  pivot  to  the 
bending  moment  at  the  conceptual  design  section  located 
68  inches  outboard  of  the  pivot  along  the  load  reference 
axis  (LRA).  The  ATW-4  wing  design  data  were  utilized  as 
listed  below: 


Mission  Segment  ATW-4  Wing  Data 


Ground  .  Unit  Inertia  (Full  Tanks),  2.0g's 

Post  Takeoff  -  Condition  1  (91.8%) 

Climb,  Cruise,  Refuel  -  Condition  3  (With  Condition  4) 

Fly-Up  -  Condition  2 

Terrain -Following  -  Condition  2 

Prelanding  -  Condition  1  (91.8%) 

Ground . - . Unit  Inertia  (Full  Tanks),  2.0g's 

Takeoff  -  Condition  1 

Climb . Condition  3  (With  Condition  4) 

Prelanding . . Condition  1  (91.8%) 

Ground  .  Unit  Inertia  (Full  Tanks),  2 . Og ' s 


Condition  4  loads  are  for  a  roll  maneuver  at  the  same  flight 
condition  as  symmetric  maneuver  condition  3.  The  wing 
bending  moment  in  the  vicinity  of  the  pivot  is  essentially 
the  same  for  both  conditions  since  the  carry -through-box 
allowable  limit  is  developed  in  each  case  (compare  Figures 
A-26  and  A-41)  .  However,  the  bending  moment  on  the  outer 
portion  of  the  wing  panel  is  slightly  higher  for  condition  4, 
therefore,  the  loading  for  this  condition  should  be  included 
in  the  spectrum  for  fatigue  evaluations  on  the  outer  portion 
of  the  wing  panel.  For  this  purpose  it  is  assumed  that  50% 
of  the  maneuver  occurrences  (designated  "M"  on  Table  A-II) 
are  symmetric  and  50%  are  roll  maneuvers. 

A. 6.2  Variable  Camber  Devices 

Cyclic  loads  spectra  for  the  leading  and  trailing  edge 
variable  camber  devices  are  assumed  to  be  comprised  of: 

1.  Maneuver  and  gust  occurrences  as  shown  for 
the  composite  mission  spectrum  on  Table  A-III 
(3  pages). 

2.  Load  cycles  related  to  different  trim  settings 
in  changing  from  one  mission  segment  to  the 
next  while  progressing  through  the  composite 
mission  on  Table  A-III. 

The  flap  loads  spectra  data  in  Table  A-III  are  based  on  the 
wing  bending  moment  spectra  data  in  Table  A-II.  In  addition 
to  maneuver  and  gust  load  cycles  per  mission,  the  percent 
of  condition  (wing  bending  moment)  max/min  values  shown  on 
Table  A-II  have  been  retained  on  Table  A-III.  These  wing 
bending  moment  data  were  used  to  estimate  the  delta  Nz 
spectra  max/min  values  on  Table  A-III.  The  leading  and 
trailing  edge  flap  unit  loads  data  for  developing  loads 
spectra  are  referenced  on  Table  A-III  by  figure  numbers 
associated  with  given  mission  segments.  Finally,  the 
load  steps  on  Table  A-II  have  been  resequenced  on  Table 
A-III  to  accommodate  roll  maneuvers  and  additional  load 
cycles  from  changing  trim  settings  between  mission  segments. 
The  latter  spectra  are  presented  in  supplementary  Table 
A-IIIA,  and  integrated  into  the  total  spectrum  according  to 
load  step  numbers.  Three  cycles  per  mission  are  assumed  for 
each  load  step  on  Table  A- IV. 


331 


The  unit  loads  data  referenced  on  Table  A-III  are  presented 
in  Figures  A. 59  through  A. 62  for  four  baseline  conditions. 
These  conditions  correspond  with  preliminary  design 
condition  1  through  4  presented  on  Table  A-I  with  the 
exception  of  values  for  load  factor  and  angle  of  attack. 

For  each  of  these  conditions,  leading  and  trailing  edge 
flap  spanwise  running  loads  and  center-of -pres sure 
distribution  data  are  presented  for  the  following  cases: 

1.  Nz  =  l.Og 

2.  \NZ  =  l.Og 

Leading  and  trailing  edge  flap  loads  for  maneuver  and 
gust  loads  spectra  are  developed  using  the  following 
equations  for  running  load  and  center  of  pressure 
distributions: 


w 


P 


w 

l.Og 


1.0) 


w 


1  •  °g  Xf  Yog  ^  (  z 


AN-*1 


where 

1)  Values  for  w  and  X^jp/Cp  appearing  on  the 
right  hand  side  of  the  equations  are  read 
from  Figures  A.  59  through  A. 66  at  given  ETA 
stations. 


2)  (Nz-1.0)  ■  ANZ  values  given  for  load  steps 

on  Table  A-III. 


3)  Subscript  p  is  attached  to  cyclic  peak 
load  distribution. 
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T 


T 


For  the  Climb /Cruise /Refuel”  mission  segment  it  is 
assumed  that  50%  of  the  maneuver  occurrences  are 
symmetric  maneuvers  (baseline  condition  3)  and  507 
are  roll  maneuvers  (baseline  condition  4). 

t5ailin8  ed8e  fl*P  load  distributions 
1°  trim  change  cycles  correspond  with  the  l.Og 
stributions  referenced  by  figure  number  on  Ta^le  A-IV, 
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ATW-4  WING  BENDING  MOMENT  SPECTRUM  AT  WING  PIVOT 
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TABLE  A- II  (CONTINUED) 


G  VARIABLE  CAMBER  SYSTEM  MANEUVER/GUST  LOAD  Nz  SPECTRUM 
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TABLE  A- I II  (CONTINUED) 
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[G  VARIABLE  CAMBER  SYSTEM  LOADS  SPECTRA  FROM  TRIM  CHANGES 
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3.  CF  IS  FLA?  LOCAL  CHORD 


LEADING  EDGE 


NORMAL  LOAD 
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Figure  A, 59  ATW-4  Wing  Leading  and  Trailing  Edge  Flap  Loads 
for  Nz  ■  l.Og  -  Condition  1 
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NOTES: 

1.  Xjjp  MEAS.  FWD.  OF  .15C  @  L.E.  FLAP 

2.  Xcp  MEAS.  AFT  OF  .65C  @  T.E.  FLAP 

3.  CF  IS  FLAP  LOCAL  CHORD 


Figure  A.  64  ATW-4  Wing  Leading  and  Trailing  Edge  Flap  Loads 
for  ANg  ■  l.Og  -  Condition  3 


345 


RUNNING  LOAD,  w,  LBS/ IN  RUNNING  LOAD,  w,  LBS /IN 


+Xcp  MEAS.  FWD.  OF  ,  15C  (?  L.E.  FLAP  AND  AFT 
OF  .65C  @  T.E.  FLAP 
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RUNNING  LOAD,  Aw,  LBS/lN/g  RUNNING  LOAD,  Aw,  LBS/lN/g 
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APPENDIX  B 

FATIGUE  DESIGN  ALLOWABLE  CURVES 
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Figure  B.l  ATW-4  Wing  Box  Lower  Surface  Fatigue  Design 
Allowable  Curves  (2024-T851  Aluminum) 
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Fatigue  Design  Allowable  Curve  -  Wing  Box 
Lower  Surface  (2024-T851  Aluminum) 


Figure  B.2 


Fatigue  Design  Allowable  Curve  -  Wing  Box 
Lower  Surface  (5AL-4V  Beta  Annealed  Titanium) 


Figure  B.4 
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APPENDIX  C 

FRACTURE  DESIGN  ALLOWABLE  CURVES 
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Figure  C.l  Fracture  Design  Allowable  Curve  -  Wing  Box 

Lwr  Surface  (2024-T851  Aluminum  Surface  Flaw) 


NOTE:  MAX.  SPECTRUM  BM  @  PIVOT  -  16.42  X  10°  IN. -LBS 


2  LIFETIMES 

(SCG  NON-INSPECT) 


Initial  Flaw  Length,  C0,  In 


Figure  C,2  Fracture  Design  Allowable  Curve  -  Wing  Box 

Lower  Surface  (2024-T851  Aluminum  Corner  Flaw) 


Figure  C.3  Fracture  Design  Allowable  Curve  -  Wing  Box 

Lwr  Surface  (Laminated  2024-T81  Aluminum  Surface  Flaw) 


Spectrum  Stress 


Initial  Flaw  Length,  2C0,  In. 


Figure  C.4  Fracture  Design  Allowable  Curve  -  Wing  Box 

Lwr  Spar  Cap  (2024-T8511  Aluminum  Surface  Flaw) 


359 


HI!  tlH 


TAPER- LOK  BOLT  HOLE 


THICKNESS 

A“0. 2  IN 
B=0. 09  IN 
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Max.  Spectrum  BM  @  Pivot 


Initial  Flaw  Length,  Cn,  In 


Non-Inspect) 


NOTE:  Max.  Spectrum  BM  @  Pivot 


Initial  Flaw  Length,  Co>  In 


Figure  C.6  Fracture  Design  Allowable  Curve  -  Wing  Pivot  Fitting 
(10  Nickel  Steel  Corner  Flaw) 
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Figure  C.7 
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APPENDIX  D 


FOLLOW-ON  PROGRAM 


APPENDIX  D 


FOLLOW-ON  PROGRAM 


The  logical  steps  that  are  needed  to  fully  develop  the 
supercritical  wing  for  use  on  a  future  vehicle,  such  as  the 
ATF,  would  include  the  following: 

o  Kinematic  model  that  demonstrates  the 
mechanical  feasibility  of  Variable  Camber 
High  Lift  System 

o  Supercritical  Wing  Structural  Component 
Test  Program 

o  Full  Scale  Wing  Structural  Test  Adv.  Dev. 
Program 

o  Flight  Test  Adv.  Dev.  Program 

The  first  two  of  the  above  tasks  are  described  with  a 
statement  of  work  in  this  section. 


D.  1  STATEMENT  OF  WORK  FOR  DESIGN  AND 
CONSTRUCTION  OF  VARIABLE  CAMBER 
SYSTEM  KINEMATIC  MODEL 


D.1.1  Introduction 

The  task  defined  herein  encompasses  the  design  definition 
and  fabrication  of  one  (1)  constant  section  kinematic  model  that 
duplicates  a  production  design  concept  of  a  leading  and  trailing 
edge  variable  camber  system.  The  task  will  span  a  5  month  period. 
The  kinematic  model  will  be  used  as  an  instrument  to: 

o  Promote  interest  in  the  variable  camber  wing  concept. 

o  Build  confidence  in  leading  and  trailing  edge  variable 
camber  devices,  particularly  in  the  area  of  flexible 
skins  and  variable  camber  driving  mechanisms. 
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o  Improve  understanding  of  selected  variable  camber 
devices  and  provide  insight  into  the  principles  of 
operation  of  these  devices. 

o  Demonstrate  the  aerodynamic  shapes  and  smoothness 
obtainable  with  variable  camber  devices. 

The  variable  camber  devices  will  be  supported  structurally 
by  a  simulated  wing  box  which  will  be  supported  or  an  attractive 
pedestal. 


D.1.2  Engineering  Task 


D  .  1.2.1  Design 

The  design  task  will  require  the  preparation  of  the  following 
drawings : 

D.1.2. 1.1  Leading  Edge 

(a)  Layout 

(b)  Actuation  Arm 

(c)  Roller 

(d)  Leading  Edge 

(e)  Upper  Skin 

(f)  Lower  Skin 

(g)  Front  Spar 

(h)  Machined  Details 

(i)  Leading  Edge  Variable  Camber  Assembly  drawing. 


D,  1.2. 1.2  Trailing  Edge 

(a)  Layout 

(b)  Upper  Skin 

(c)  Lower  Skin 

(d)  Skin  Beam  Details 

(e)  Skin  Details,  Trailing  Edge 

(f)  Channel  Link  Details 

(g)  Actuator  Beam  Details 

(h)  Socket  Fitting  Details 

(i)  Sleeve  Fitting  Details 

(j)  Coupling  Details 

(k)  Swivel 

(l)  Beam  Pivot  Block  Details 

(m)  Pin  and  Bolt  Details 

(n)  Link  Details 

(°)  Fork,  Trailing  Edge  Actuation 

(p)  Slide  Members,  Trailing  Edge 

(q)  Bushing  Details 

(r)  Pivot  Fitting  Details 

D,1,2#1*3  Electrical  Drive  &  Cnn«-™i 

a  circuit 'diagram 'included?^  C°ntr01  draWln8  wil1  be  Prepared  with 
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D,i’2*1*4  -l-’ydQstal  &  Simulated  Win,  r,w 

paredt  l'raWln8  °f  P6deStal  &  Simulate<i  box  will  be  prc. 

D  .  1.2.2  Stress  Analysis 

and  material  Selection  'the^cde^slomnarM  Pa“  ^ 

criteria  required  under  contract  F33615-7™c-3018e  alrPlane 

D«  1.2.3  Engineering  Support 

Of  thfmoS"!1"8  SUPP°“  Sha11  be  pr0vldad  throughout  fabrication 


D.l. 3  Tooling  Task 

the  tool  manufflc  turing  plan  shall  be  made  to  assure  that 

manner ?  SSrS^puSSSrtS  I?*  t*  6X6CUted  in  a"  a«lcient 

ahall  make  max^  L^f^rreferen^115*’6";,  ^  ■“« 
the  parts  planning  task.  *  references  l"  °rder  to  minimite 

8iassMf^r  -rmowed^b^'pa^r^oif^fb^T031-- 

required.  r  parts.  No  assembly  tools  will  be 


D.1.4  Fabrication  Task 

r£j!vrr?.“~  s-saa;  rss- 

on  a  wooden  “1U  ~d 

ins talled^in^the^pedes tal^and  ^  r^ible  ■*«»  will  be 
leading  edge  drive  sh.^1.  ^  ">achanically  linked  to  the 

Four  protective  limit  switches"^"  be^rlvWe^f  hrf® " 
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SIMULATED  WOOD 
WING  BOX 


Variable  Camber  System  Kinematic  Model 


the  leading  edge  device  and  two  on  each  of  the  trailing  edge  device. 
Two  control  switches  in  separate  circuits  will  be  provided  so  that 
the  leading  edge  and  trailing  edge  can  be  operated  separately. 


D.1.5  Inspection 

Inspection  will  be  limited  to  material  receiving  inspection 
only.  Final  disposition  of  rejected  material  will  be  determined 
by  engineering  design  personnel. 


D.2  STATEMENT  OF  WORK  FOR  ADVANCED 

TRANSONIC  WING  DEVELOPMENT  PROGRAM 


D.2.1  Objective 

The  objective  of  this  program  is  to  evaluate  the  feasibility 
of  integrating  the  advanced  technologies  of  the  Variable  Camber 
Program  and  the  Supercritical  Wing  Box  Program  on  to  a  full  scale 
advanced  technology  test  wing.  The  overall  approach  used  to 
accomplish  this  objective  will  be  to  conduct  a  test  program  to 
demonstrate  the  feasibility  of  the  leading  and  trailing  concepts 
developed  during  the  Variable  Camber  Program  and  the  wing  box  con¬ 
cept  developed  during  the  Supercritical  Wing  Box  Program. 

D.2.2  Scope 

This  program  will  consist  of  designing,  fabricating,  and 
testing  a  supercritical  wing  section  which  incorporates  the  top 
ranked  leading  and  trailing  edge  concepts  developed  during  the 
Variable  Camber  Program  and  the  top  ranked  wing  box  structural 
concept  developed  during  the  Supercritical  Wing  Box  Program.  The 
task  will  span  a  12  month  period. 


D.  2.3  Program  Tasks 

The  following  paragraphs  define  the  basic  tasks  that  are  e 
part  of  this  program 
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D.  2.3.1  Develop  a  test  component  intecraM  no  t-h 

Che  selec tiTSLStSX'tt  and 

airfoil  :^p°eXa™:iyalrfoUhro  £  ^-irST* 

H  V*iw  4  airfoil  configuration  at  C.S.S.  140). 

*  ss- 

Jrj-ssss  £“SiS 


“•  2-3,1-2  Perfon»  stress  analysis  to  8l2e  teat 


component. 


D- 2-3-1-3  test  — -  - 

“•  2'3’1-4  - 


D-  2.3.1.S  Compute  detailed  weight  calculations 


for  test  com- 


D.  2.3.1. 6  Compute  budgetary  cost  estimate  for  test  component. 

D.  2. 3. 1.7  Determine  the  methods  of  fabrication  and  quality 

the  tf.e  provisions  necessary  for  the  manufacture  of 
the  test  component.  Develop  a  manufacturing  planfor 

required!”  “*  *U  and 

D*  2,3,2  Fabricate  test  component. 

D.  2. 3.2.1  Fabricate  one  test  component  for  the  leading  and 
trailing  edge  and  wing  box  design.  B 
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D*  2.3.2. 2  Conduct  (NDI)  inspection  procedures  required  dunn,; 

tabrication  of  test  component  using  current  state- 
of-the-art  equipment  with  the  necessary  refinements 
for  adapting  to  the  specific  component. 


D.2.3.2.3  Monitor  all  costs  relevant  to  the  fabrication  of  the 
test  component.  Compare  these  actual  costs  with 
those  estimated  in  paragraph  D«2.3.1.6. 


D.2.3.2.4  Determine  actual  weights  of  test  component  and  compare 
with  those  estimated  in  paragraph  D.2.3.1.5. 


D . 2.3.2. 5  Develop  test  plan  for  static  and  fatigue  testing 
(wing  bending  and  variable  camber  deflection)  the 
test  component.  Include  loads,  instrumentation, 
inspection  requirements,  fatigue  spectrum,  and  safety 
provisions  necessary  for  testing. 


D.  2.3.2. 6  Fabricate  the  test  fixtures  required  for  conducting 
the  static  and  fatigue  tests. 

D  .  2.3.3  Conduct  testing  of  the  component  in  accordance  with 
marized  in  in  ParaSraPh  D'2.3.2.5  and  sum- 

Th*11' ^t  ^  ^  t  _  ^os  h™e  ^  ®dtontthe1baselineWaircraft  ^ 

The  instrumentation  required  by  the  test  plan  will  be  adeauate 
the^pplied^oads . 3nd  ^ 


D. 2. 3. 3.1  Conduct  strain  survey  of  test  component  at  limit  load 
to  determine  stress  distribution. 


D.2.3.3.2  Conduct  fatigue  test  of  component  to  four  lives. 

During  fatigue  loading  (wing  bending  loads)  perform 
cyclic  operations  (deflections)  of  variable  camber 
systems. 
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TABLE  D-I  TEST  PLAN  S 
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.ssume  8  Rosettes  and  4  Axial  strain  gages  on  box  beam  component, 
ssume  6  Rosettes  and  6  Axial  strain  gages  on  leading  edge  system 
and  on  trailing  edge  system. 


ion  Patches 
simulated 


Static  and  Fatigue  Test  "Set-Up"  for  Advanced  Transonic  Wing  Test  Component 


D.2.3.3.3  Conduct  static  test  of  component  to  failure  after 
completion  of  fatigue  testing. 


D.2.3.3.4  Conduct  nondestructive  evaluation  prior  to  testing 
to  detect  and  monitor  any  failure. 


D* 2. 3. 3. 5  Reduce  recorded  results,  analyze,  and  evaluate.  Com¬ 
pare  with  analytical  predictions  calculated  previously. 


D.  2.3.4  Evaluate  reliability  and  efficiency  of  the  leading  and 
trailing  edge  systems  and  wing  box  configuration. 


D.2.3.5  Evaluate  operational  durability  of  the  variable  camber 
systems. 


D.2.3.6  Evaluate  internal  loads  and  stress  distributions  in  the 
leading  and  trailing  edge  systems  and  wing  box  structure. 
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